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Agenda 


Panel:  The  Future  of  Engineering  and  Construction 

•  LTG  Carl  A.  Strock,  Commander,  USACE 

•  Dr.  James  Wright,  Chief  Engineer,  NAVFAC 

Panel:  USACE  Engineering  and  Construction 

•  Dr.  Michael  J.  O'Connor,  Director,  R&D 
Panel:  Navy  General  Session 

•  Mr.  Steve  Geusic,  Engineering  Criteria  &  Programs  NAVFAC  Atlantic 
Introduction  to  Multi-Disciplinary  Tracks,  by  Mr.  Gregory  W.  Hughes 

Engineering  Circular:  Engineering  Reliability  Guidance  for  Existing  USACE  Civil  Works  Infrastructure,  by  Mr.  David  M.  Schaaf,  PE,  LRD  Regional  Technical 
Specialist,  Navigation  Engineering  Louisville  District 

MILCON  S&A  Account  Study,  by  Mr.  J.  Joseph  Tyler,  PE,  Chief,  Programs  Integration  Division,  Directorate  of  Military  Programs  HQUSACE 
Financial  Justification  on  Bentley  Enterprise  License  Agreement  (ELA) 


Track  1 

•  The  Chicago  Shoreline  Storm  Damage  Reduction  Project,  by  Andrew  Benziger 

•  Protecting  the  NJ  Coast  Using  Large  Stone  Seawalls,  by  Cameron  Chasten 

•  Cascade:  An  Integrated  Coastal  Regional  Model  for  Decision  Support  and  Engineering  Design,  by  Nicholas  C.  Kraus  and  Kenneth  J.  Connell 

•  Modeling  Sediment  Transport  Along  the  Upper  Texas  Coast,  by  David  B.  King  Jr.,  Jeffery  P.  Waters  and  William  R.  Curtis 

•  Sediment  Compatibility  for  Beach  Nourishment  in  North  Carolina,  by  Gregory  L.  Williams 

•  Evaluating  Beachfill  Project  Performance  in  the  USACE  Philadelphia  District,  by  Monica  Chasten  and  Harry  Friebel 

•  US  Army  Corps  of  Engineers’  National  Coastal  Mapping  Program,  by  Jennifer  Wozencraft 

•  Flood  Damage  Reduction  Project  Using  Structural  and  Non- Structural  Measures,  by  Stacey  Underwood 

•  Shore  Protection  Project  Performance  Improvement  Initiative  (S3P2I),  by  Susan  Durden 

•  Hurricane  Isabel  Post-Storm  Assessment,  by  Jane  Jablonski 

•  US  Army  Corps  of  Engineers  Response  to  the  Hurricanes  of  2004,  by  Rick  McMillen  and  Daniel  R.  Haubner 

•  Increased  Bed  Erosion  Due  to  Increased  Bed  Erosion  Due  to  Ice,  by  Decker  B.  Hains,  John  I.  Remus,  and  Leonard  J.  Zabilansky 

•  Mississippi  Valley  Division,  by  James  D.  Gutshall 

•  Impacts  to  Ice  Regime  Resulting  from  Removal  of  Milltown  Dam,  Clark  Fork  River,  Montana,  by  Andrew  M.  Tuthill  and  Kathleen  D.  White,  and  Lynn  A. 
Daniels 

•  Carroll  Island  Micromodel  Study:  River  Miles  273.0-263.0,  by  Jasen  Brown 

•  Monitoring  the  Effects  of  Sedimentation  from  Mount  St.  Helens,  by  Alan  Donner,  Patrick  O’Brien  and  David  Biedenharn 
Watershed  Approach  to  Stream  Stability  and  Benefits  Related  to  the  Reduction  of  Nutrients,  by  John  B.  Smith 

•  A  Lake  Tap  for  Water  Temperature  Control  Tower  Construction  at  Cougar  Dam,  Oregon,  by  Stephen  Schlenker,  Nathan  Higa  and  Brad  Bird 

•  San  Francisco  Bay  Mercury  TMDL  -  Implications  for  Constructed  Wetlands,  by  Herbert  Fredrickson,  Elly  Best  and  Dave  Soballe 

•  Abandoned  Mine  Lands:  Eastern  and  Western  Perspectives,  by  Kate  White  and  Kim  Mulhem 
Translating  the  Hydrologic  Tower  of  Babel,  byDan  Crawford 

•  Demonstrating  Innovative  River  Restoration  Technologies:  Truckee  River,  Nevada,  by  Chris  Dunn 

•  System-Wide  Water  Resource  Management  -  Tools  of  the  Trade 
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•  Ecological  and  Engineering  Considerations  for  Dam  Decommissioning,  Retrofits,  and  Reoperations,  by  Jock  Conyngham 

•  Hydraulic  Design  of  tidegates  and  other  Water  Control  structures  for  Ecosystem  Restoration  projects  on  the  Columbia  River  estuary,  by  Patrick  S.  O’Brien 

•  Surface  Bypass  &  Removable  Spillway  Weirs,  by  Lynn  Reese 

•  Impacts  of  using  a  spillway  for  juvenile  fish  passage  on  typical  design  criteria,  by  Bob  Buchholz 

•  Howard  Hanson  Dam:  Hydraulic  Design  of  Juvenile  Fish  Passage  Facility  in  Reservoir  with  Wide  Pool  Fluctuation,  by  Dennis  Mekkers  and  Daniel  M.  Katz 

•  Current  Research  in  Fate  Current  Research  in  Fate  &  Transport  of  Chemical  and  Biological  Contaminants  in  Water  Distribution  Systems,  by  Vincent  F.  Hock 

•  Regional  Modeling  Requirements,  by  Maged  Hussein 

•  Tools  for  Wetlands  Permit  Evaluation:  Modeling  Groundwater  and  Surface  Water  Interaction,  by  Cary  Talbot 

•  Ecosystem  Restoration  for  Fish  and  Wildlife  Habitat  on  the  UMRS,  by  Jon  Hendrickson 

•  Missouri  River  Shallow  Water  Habitat  Creation,  by  Dan  Pridal 

•  Aquatic  Habitat  Restoration  in  the  Lower  Missouri  River,  by  Chance  Bitner 

•  Transition  to  an  Oracle  Based  Data  System  (Corps  Water  Management  System,  CWMS),  by  Joel  Asunskis 

•  RiverGages.com:  The  Mississippi  Valley  Division  Water  Control  Website,  by  Rich  Engstrom 

•  HEC-ResSim  3.0:  Enhancements  and  New  Capabilities,  by  Fauwaz  Hanbali 

•  Hurricane  Season  2004  -  Not  to  Be  Forgotten,  by  Jacob  Davis 

•  Re-Evaluation  of  a  Flood  Control  Project,  by  Ferris  W.  Chamberlin 

•  Helmand  Valley  Water  Management  Plan,  by  Jason  Needham 

•  A  New  Approach  to  Water  Management  Decision  Making,  by  James  D.  Barton 

•  Developing  Reservoir  Operational  Plans  to  Manage  Erosion  and  Sedimentation  during  Construction  -  Willamette  Temperature 

•  Control,  Cougar  Reservoir  2002-2005,  by  Patrick  S.  O’Brien 

•  Improved  Water  Supply  Forecasts  for  the  Kootenay  Basin,  by  Randal  T.  Wortman 

•  ResSIM  Model  Development  for  Columbia  River  System,  by  Arun  Mylvahanan 

•  Prescriptive  Reservoir  Modeling  and  the  ROPE,  by  Jason  Needham 

•  Missouri  River  Basin  Water  Management,  by  Larry  Murphy 


Track  3 


•  Corps  Involvement  in  FEMA’s  Map  Modernization  Program,  by  Kate  White,  John  Hunter  and  Mark  Flick 

•  Innovative  Approximate  Study  Method  for  FEMA  Map  Moderniation  Program  ,  by  John  Hunter 

•  Flood  Fighting  Structures  Demonstration  and  Evaluation  Program  (FFSD),  by  Fred  Pinkard 

•  Integrating  Climate  Dynamics  Into  Water  Resources  Planning  and  Management,  by  Kate  White 

•  Hydrologic  and  Hydraulic  Contributions  to  Risk  and  Uncertainty  Propagation  Studies,  by  Robert  Moyer 

•  Uncertainty  Analysis:  Parameter  Estimation,  by  Jackie  P.  Hallberg 

•  Geomorphology  Study  of  the  Middle  Mississippi  River,  by  Eddie  Brauer 

•  Bank  Erosion  and  Morphology  of  the  Kaskaskia  River,  by  Michael  T.  Rodgers 

•  Degradation  of  the  Kansas  City  Reach  of  the  Missouri  River,  by  Alan  Tool 

•  Sediment  Impact  Assessment  Model  (SIAM),  by  David  S.  Biedenham  and  Meg  Jonas 

•  Mississippi  River  Sedimentation  Study,  by  Basil  Arthur 

•  Sediment  Model  of  Rivers,  by  Charlie  Berger 

•  East  Grand  Forks,  MN  and  Grand  Forks,  ND  Local  Flood  Damage  Reduction  Project,  by  Michael  Lesher 

•  Hydrologic  and  Hydraulic  Analyses,  by  Thomas  R.  Brown 

•  Hydrologic  and  Hydraulic  Modeling  of  the  Mccook  and  Thornton  Tunnel  and  Reservoir  Plans,  by  David  Kiel 

•  Ala  Wai  Canal  Project,  by  Lynnette  F.  Schaper 

•  Missouri  River  Geospatial  Decision  Support  Framework,  by  Bryan  Baker  and  Martha  Bullock 

•  Systemic  Analysis  of  the  Mississippi  &  Illinois  Rivers  Upper  Mississippi  River  Comprehensive  Plan,  by  Dennis  L.  Stephens 
Section  227:  National  Shoreline  Erosion  Control  Demonstration  and  Development  Program  Annual  Workshop 

•  Workshop  Objectives 

•  Section  227:  Oil  Piers,  Ventura  County,  CA,  by  Heather  Schlosser 

•  An  Evaluation  of  Performance  Measures  for  Prefabricated  Submerged  Concrete  Breakwaters:  Section  227  Cape  May  Point,  New  Jersey  Demonstration 
Project,  by  Donald  K  Stauble,  J.B.  Smith  and  Randall  A.  Wise 

•  Bluff  Stabilization  along  Lake  Michigan,  using  Active  and  Passive  Dewatering  Techniques,  by  Rennie  Kaunda,  Eileen  Glynn,  Ron  Chase,  Alan  Kehew, 
Amanda  Brotz  and  Jim  Selegean 

•  Storm  Damage  at  Cape  Lookout 

•  Branchbox  Breakwater  Design  at  Pickleweed  Trail,  Martinez,  CA 

•  Section  227:  Miami,  FL 

•  Section  227:  Sheldon  Marsh  Nature  Preserve 

•  Section  227:  Seabrook,  New  Hampshire 

•  Jefferson  County,  TX  -  Low  Volume  Beach  Fill 

•  Sacred  Falls,  Oahsacred  Falls,  Oahu  Section  227  Demonstration  Project 


Track  4 

•  Fern  Ridge  LakFem  Ridge  Lake  Hydrologic  Aspects  of  Operation  during  Failure,  by  Bruce  J  Duffe 

•  A  Dam  Safety  Study  Involving  Cascading  Dam  Failures,  by  Gordon  Lance 

•  Spillway  Adequacy  Analysis  of  Rough  River  Lake  Louisville  District,  by  Richard  Pruitt 

•  Water  Management  in  Iraq:  Capability  and  Marsh  Restoration,  by  Fauwaz  Hanbali 

•  Iraq  Ministry  of  Water  Resources  Capacity  Building,  by  Michael  J.  Bishop,  John  W.  Hunter,  Jeffrey  D.  Jorgeson,  Matthew  M.  McPherson,  Edwin  A.  Theriot, 
Jerry  W.  Webb,  Kathleen  D.  White,  and  Steven  C.  Wilhelms 
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•  HEC  Support  of  the  CMEP  Program,  by  Mark  Jensen 

•  Geospatial  Integration  of  Hydrology  &  Hydraulics  Tools  for  Multi-Purpose,  Multi-Agency  Decision  Support,  by  Timothy  Pangbum,  Joel  Schlagel,  Martha 
Bullock,  Michael  Smith,  and  Bryan  Baker 

•  GIS  &  Surveying  to  Support  FEMA  Map  Modernization  and  Example  Bridge  Report,  by  Mark  Flick 

•  High  Resolution  Bathymetry  and  Fly-Through  Visualization,  by  Paul  Clouse 

•  Using  GIS  and  HEC-RAS  for  Flood  Emergency  Plans,  by  Stephen  Stello 

•  High  Resolution  Visualizations  of  Multibeam  Data  of  the  Lower  Mississippi  River,  by  Tom  Tobin  and  Heath  Jones 

•  System  Wide  Water  Resources  Program  Unifying  Technologies  Geospatial  Applications,  by  Andrew  J.  Bruzewicz 

•  Raystown  Plate  Locations 

•  Hydrologic  Engineering  Center:  HEC-HMS  Version  3.0  New  Features,  by  Jeff  Harris 

•  SEEP2D  &  GMS:  Simple  Tools  for  Solving  a  Variety  of  Seepage  Problems,  by  Clarissa  Hansen,  Fred  Tracy,  Eileen  Glynn,  Cary  Talbot  and  Earl  Edris 

•  Sediment  and  Water  Quality  in  HEC-RAS,  by  Mark  Jensen 

•  Advances  to  the  GSSHA  Model,  by  Aaron  Byrd  and  Cary  Talbot 

•  Watershed  Analysis  Tool:  HEC- WAT  Program,  by  Chris  Dunn 

•  Little  Calumet  River  UnsteadLittle  Calumet  River  Unsteady  Flow  Model  Conversion  UNET  to  HEC-RAS,  by  Rick  D.  Ackerson 
Kansas  River  Basin  Model,  by  Edward  Parker 

•  Design  Guidance  for  Breakup  Ice  Control  Structures,  by  Andrew  M.  Tuthill 

•  Computational  Hydraulic  Model  of  the  Lower  Monumental  Dam  Forebay,  by  Richard  Stockstill,  Charlie  Berger,  John  Hite,  Alex  Carrillo,  and  Jane  Vaughan 

•  Use  of  Regularization  as  a  Method  for  Watershed  Model  Calibration,  by  Brian  Skahill 

•  Demonstration  Program  Urban  Flooding  and  Channel  Restoration  in  Arid  and  Semi-Arid  Regions  (UFDP),  by  Joan  Pope,  Jack  Davis,  Ed  Sing,  John  Warwick, 
Meg  Jonas 

Track  5 

•  Walla  Walla  District  Northwestern  Division,  by  Robert  Berger 

•  Best  Practices  for  Conduits  through  Embankment  Dams,  by  Chuck  R.  Cooper 

•  Design,  Construction  Design,  Construction  and  Seepage  at  Prado  Dam,  by  Douglas  E.  Chitwood 

•  2-D  Liquefaction  Evaluation  with  Q4Mesh,  by  David  C.  Serafim 

•  Unlined  Spillway  Erosion  Risk  Assessment,  by  Johannes  Wibowo,  Don  Yule,  Evelyn  Villanueva  and  Darrel  Temple 

•  Seismic  Remediation  of  the  Clemson  Upper  and  Lower  Diversion  Dams;  Evaluation,  Conceptual  Design  and  Design,  by  Lee  Wooten  and  Ben  Foreman 

•  Seismic  Remediation  of  the  Clemson  Upper  and  Lower  Diversion  Dams;  Deep  Soil  Mix  Construction,  by  Lee  Wooten  and  Ben  Foreman 

•  Historical  Changes  in  the  State  of  the  Art  of  Seismic  Engineering  and  Effects  of  those  changes  on  the  Seismic  Response  Studies  of  Large  Embankment  Dams, 
by  Sam  Stacy 

•  Iwakuni  Runway  Relocation  Project,  by  Vincent  R.  Donnally 

•  Internal  Erosion  &  Piping  at  Fern  Ridge  Dam,  by  Jeremy  Britton 

•  Rough  River  Dam  Safety  Assurance  Project,  by  Timothy  M.  O’Leary 

•  Seepage  Collection  &  Control  Systems:  The  Devil  is  in  the  Details  ,  by  John  W.  France 

•  Dewey  Dam  Seismic  Assessment,  by  Greg  Yankey 

•  Seismic  Stability  Evaluation  for  Ute  Dam,  New  Mexico,  by  John  W.  France 

•  An  Overview  of  Criteria  Used  by  Various  Organizations  for  Assessment  and  Seismic  Remediation  of  Earth  Dams,  by  Jeffrey  S.  Dingrando 

•  A  Review  of  Corps  of  Engineers  Levee  Seepage  Practices  and  Proposed  Future  Changes,  by  George  Sills 

•  Ground-Penetrating  Radar  Applications  for  the  Assessment  of  Pavements,  by  Lulu  Edwards  and  Don  R.  Alexander 

•  Peru  Road  Upgrade  Project,  by  Michael  P.  Wielputz 

•  Slope  Stability  Evaluation  of  the  Baldhill  Dam  Right  Abutment,  by  Neil  T.  Schwanz 

•  Design  and  Construction  of  Anchored  Bulkheads  with  Synthetic  Sheet  Piles  Seabrook,  New  Hampshire,  by  Siamac  Vaghar  and  Francis  Fung 

•  Characterization  of  Soft  Claya  Case  Study  at  Craney  Island,  by  Aaron  L.  Zdinak 

•  Dispersive  ClayDispersive  Clays  -  Experience  andHistory  of  the  NRCS  (Formerly  SCS),  by  Danny  McCook 

•  Post-Tensioning  Institute,  by  Michael  McCray 

•  Demonstration  Program  Urban  Flooding  and  Channel  Restoration  in  Arid  and  Semi-Arid  Regions  (UFDP),  by  Joan  Pope,  Jack  Davis,  Ed  Sing,  John  Warwick, 
Meg  Jonas 


Track  6 


•  State  of  the  Art  in  Grouting:  Dams  on  Solution  Susceptible  or  Fractured  Rock  Foundations,  by  Arthur  H.  Walz 

•  Specialty  Drilling,  Testing,  and  Grouting  Techniques  for  Remediation  of  Embankment  Dams,  by  Douglas  M.  Heenan 

•  Composite  Cut-Offs  for  Dams,  by  Dr.  Donald  A.  Bruce  and  Trent  L.  Dreese 

•  State  of  the  Art  in  Grout  Mixes,  by  James  A.  Davies 

•  State  of  the  Art  in  Computer  Monitoring  and  Analysis  of  Grouting,  by  Trent  L.  Dreese  and  David  B.  Wilson 

•  Quantitatively  Engineered  Grout  Curtains,  by  David  B.  Wilson  and  Trent  L.  Dreese 

•  Grout  Curtains  at  Arkabutla  Dam:  Outlet  Monolith  Joints  and  Cracks  using  Chemical  Grout,  Arkabutla  Lake,  MS,  by  Dale  A.  Goss 

•  Chicago  Underflow  Plan  -  CUP:  McCook  Reservoir  Test  Grout  Program,  by  Joseph  A.  Kissane 

•  Clearwater  Dam:  Sinkhole  Repair  Foundation  Investigation  and  Grouting  Project,  by  Mark  Harris 

•  Update  on  the  Investigation  of  the  Effects  of  Boring  Sample  Size  (3”  vs  5”)  on  Measured  Cohesion  in  Soft  Clays,  by  Richard  Pinner  and  Chad  M.  Rachel 

•  Soil-Bentonite  Cutoff  Wall  Through  Free-Product  at  Indiana  Harbor  CDF,  by  Joe  Schulenberg  and  John  Breslin 

•  Soil-Bentonite  Cutoff  Wall  Through  Dense  Alluvium  with  Boulders  into  Bedrock,  McCook  Reservoir,  by  William  A.  Rochford 

•  Small  Project,  Big  Stability  Problem  the  Block  Church  Road  Experience,  by  Jonathan  E.  Kolber 

•  Determination  of  Foundation  Rock  Properties  Beneath  Folsom  Dam,  by  Michael  K.  Sharp,  Jose  L.  Llopis  and  Enrique  E.  Matheu 
Waterbury  Dam  Mitigation,  by  Bethany  Bearmore 

•  Armor  Stone  Durability  in  the  Great  Lakes  Environment,  by  Joseph  A.  Kissane 

•  Mill  Creek  -  An  Urban  Flood  Control  Challenge,  by  Monica  B.  Greenwell 

•  Next  Stop,  The  Twilight  Zone,  by  Troy  S.  O’Neal 

•  Limitations  in  the  Back  Analysis  of  Shear  Strength  from  Failures,  by  Rick  Deschamps  and  Greg  Yankey 

•  Reconstruction  of  Deteriorated  Concrete  Lock  Walls  After  Blasting  and  Other  Demolition  Removal  Techniques,  by  Stephen  G.  O'Connor 
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•  Flood  Fighting  Structures  Demonstration  and  Evaluation  Program  (FFSD),  by  George  Sills 

•  Innovative  Design  Concepts  Incorporated  into  a  Landfill  Closure  and  Reuse  Design  Portsmouth  Naval  Shipyard,  Kittery,  Maine,  by  Dave  Ray  and  Kevin 
Pavlik 

•  Laboratory  Testing  of  Flood  Fighting  Structures,  by  Johannes  L.  Wibowo,  Donald  L.  Ward  and  Perry  A.  Taylor 

•  Bluff  Stabilization  Along  Lake  Michigan,  Using  Active  and  Passive  Dewatering  Techniques,  Allegan  Co.  Michigan,  by  Rennie  Kaunda,  Eileen  Glynn,  Ron 
Chase,  Alan  Kehew  and  Jim  Selegean 


Track  7 

•  Case  History:  Multiple  Axial  Statnamic  Tests  on  a  Drilled  Shaft  Embedded  in  Shale,  by  Paul  J.  Axtell,  J.  Erik  Loehr,  Daniel  L.  Jones 

•  The  Sliding  Failure  of  Austin  Dam  Pennsylvania  -  Revisited,  by  Brian  H.  Greene 

•  M3  -Modeling,  Monitoring  and  Managing:  A  Comprehensive  Approach  to  Controlling  Ground  Movements  for  Protection  of  Existing  Structures  and 
Facilities,  by  Francis  D.  Leathers  and  Michael  P.  Walker 

•  Time-Dependent  Reliability  Modeling  for  Use  in  Major  Rehabilitation  of  Embankment  Dams  and  Foundation,  by  Robert  C.  Patev 

•  Lateral  Pile  Load  Test  Results  Within  a  Soft  Cohesive  Foundation,  by  Richard  J.  Varuso 

•  Engineering  Geology  Challenge  Engineering  Geology  Challenges  During  Design  and  Construction  of  the  Marmet  Lock  Project,  by  Ron  Adams  and  Mike 
Nield 

•  Mill  Creek  Deep  Tunnel  Geologic  Conditions  and  Potential  Impacts  on  Design/Construction,  by  Kenneth  E.  Henn  III 

•  McAlpine  Lock  Replacement  Instrumentation:  Design,  Construction,  Monitoring,  and  Interpretation,  by  Troy  S.  O’Neal 

•  Geosynthetics  and  Construction  of  the  Second  Powerhouse  Comer  Collector  Surface  Flow  Bypass  Project,  Bonneville  Lock  and  Dam  Project,  Oregon  and 
Washington,  by  Art  Fong 

•  McAlpine  Lock  Replacement  Project  Foundation  Characteristics  and  Excavation,  by  Kenneth  E.  Henn  III 

•  Structural  and  Geotechnical  Issues  Impacting  The  Dalles  Spillwall  Constmction  and  Bay  1  Erosion  Repair,  by  Jeffrey  M.  Ament 
Rock  Anchor  Design  and  Constmction:  The  Dalles  Dam  Spillwalls,  by  Kristie  M.  Hartfeil 

•  The  Future  of  the  Discrete  Element  Method  in  Infrastructure  Analysis,  by  Raju  Kala,  Johannes  L.  Wibowo  and  John  F.  Peters 

•  Sensitive  Infrastmcture  Sites  -  Sonic  Drilling  Offers  Quality  Control  and  Non-Destructive  Advantages  to  Geotechnical  Constmction  Drilling,  by  John  P.  Davis 


Track  8 

•  Evaluation  of  The  Use  of  LithiuE valuation  of  The  Use  of  Lithium  Compounds  in  Controlling  ASR  in  Concrete  Pavement,  by  Mike  Kelly 

•  Roller  Compacted  Concrete  for  McAlpine  Lock  Replacement,  by  David  E.  Kiefer 

•  Soil-Cement  for  Stream  Bank  Stabilization,  by  Wayne  Adaska 

•  Using  Cement  to  Reclaim  Asphalt  Pavements,  by  David  R.  Luhr 

•  Valley  Park  100-Yr  Flood  Protection  Project:  Use  of  ‘Engineered  Fill’  in  the  Item  IV-B  Levee  Core,  by  Patrick  J.  Conroy 

•  Bluestone  Dam:  AAR  -A  Case  Study,  by  Greg  Yankey 

•  USDA  Forest  Service:  Unpaved  Road  Stabilization  with  Chlorides,  by  Michael  R.  Mitchell 

•  Use  of  Ultra-Fine  Amorphous  Colloidal  Silica  to  Produce  a  High-Density,  High-Strength  Grout,  by  Brian  H.  Green 

•  Modular  Gabion  Systems,  by  George  Ragazzo 

•  Addressing  Cold  Regions  Issues  in  Pavement  Engineering,  by  Edel  R.  Cortez  and  Lynette  Barna 

•  Geology  of  New  York  Harbor:  Geological  and  Geophysical  Methods  of  Characterizing  the  Stratigraphy  for  Dredging  Contracts,  by  Ben  Baker,  Kristen  Van 
Horn  and  Marty  Goff 

•  Rubblization  of  Airfield  Concrete  Pavements,  by  Eileen  M.  Velez- Vega 

•  US  Army  Airfield  Pavement  Assessment  Program,  by  Haley  Parsons,  Lulu  Edwards,  Eileen  Velez- Vega  and  Chad  Gartrell 

•  Critical  State  for  Probabilistic  Analysis  of  Levee  Underseepage,  by  Douglas  Cmm, 

•  Curing  Practices  for  Modern  Concrete  Production,  by  Toy  Poole 

•  AAR  at  Carters  Dam:  Different  Approaches,  by  James  Sanders 

•  Concrete  Damage  at  Carters  Dam,  by  Toy  Poole 

Damaging  Interactions  Among  Concrete  Materials,  by  Toy  Poole 

•  Economic  Effects  on  Construction  of  Uncertainty  in  Test  Methods,  by  Toy  Poole 

•  Trends  in  Concrete  Materials  Specifications,  by  Toy  Poole 

•  Spall  and  Intermediate- Sized  Repairs  for  PCC  Pavements,  by  Reed  Freeman  and  Travis  Mann 

•  Acceptance  Criteria  Acceptance  Criteria  for  Unbonded  Aggregate  Road  Surfacing  Materials,  by  Reed  Freeman,  Toy  Poole,  Joe  Tom  and  Dale  Goss 

•  Effective  Partnering  to  Overcome  an  Interruption  In  the  Supply  of  Portland  Cement  During  Construction  at  Marmet  Lock  and  Dam,  by  Billy  D.  Neeley,  Toy 
S.  Poole  and  Anthony  A.  Bombich 

Track  10 

•  Marmet  Lock  &Dam:  Automated  Instrumentation  Assessment,  Summer/Fall  2004,  by  Jeff  Rakes  and  Ron  Adams 
Success  Dam  Seismic  Remediation 

Track  9 


•  Fern  Ridge  Dam,  Oregon:  Seepage  and  Piping  Concerns  (Internal  Erosion) 


Track  11 

•  Canton  Dam  Spillway  Stability:  Is  a  Test  Anchor  Program  Necessary?,  by  Randy  Mead 

•  Dynamic  Testing  and  Numerical  Correlation  Studies  for  Folsom  Dam,  by  Ziyad  Duron,  Enrique  E.  Matheu,  Vincent  P.  Chiarito,  Michael  K.  Sharp  and  Rick  L. 
Poeppelman 


2005  Tri-Service  Infrastructure  Systems  Conference  &  Exhibition.html[9/16/2016  6:44:09  AM] 


Untitled  Document 


Status  of  Portfolio  Risk  Assessment,  by  Eric  Halpin 

•  Mississinewa  Dam  Foundation  Rehabilitation,  by  Jeff  Schaefer 

•  Wolf  Creek  Dam  Seepage  Major  Rehabilitation  Evaluation,  by  Michael  F.  Zoccola 

•  Bluestone  Dam  DSA  Anchor  Challenges,  by  Michael  McCray 

•  Clearwater  Dam  Major  Rehab  Project,  by  Bobby  Van  Cleave 

•  Design,  Construction  and  Seepage  at  Prado  Dam,  by  Douglas  E.  Chitwood 

•  Seven  Oaks  Dam:  Outlet  Tunnel  Invert  Damage,  by  Robert  Kwan 

•  An  Overview  of  An  Overview  of  the  Dam  Safety  ProgramManagement  Tools  (DSPMT),  by  Tommy  Schmidt 


Track  12 

•  Greenup  L&D  Miter  Gate  Repair  and  Instrumentation,  by  Joseph  Padula,  Bruce  Barker  and  Doug  Kish 

•  Marmet  Locks  and  Dam  Lock  Replacement  Project,  by  Jeffrey  S.  Maynard, 

•  Status  of  HSS  Inspections  in  The  Portland  District,  by  Travis  Adams 

•  Kansas  City  District:  Perry  Lake  Project  Gate  Repair,  by  Marvin  Parks 

•  Mel  Price  -  Auxiliary  Lock  Downstream  Miter  Gate  Repair,  by  Thomas  J.  Quigley,  Brian  K.  Kleber  and  Thomas  R.  Ruf 

•  J.T.  Myers  Lock  Improvements  Project  Infrastructure  Conference,  by  David  Schaaf  and  Greg  Werncke 

•  J.T.  Myers  Dam  Major  Rehab,  by  David  Schaaf,  Greg  Werncke  and  Randy  James 

•  Greenup  L&D,  by  Rodney  Cremeans 

•  Me  Alpine  Lock  Replacement  Project,  by  Kathy  Feger 

•  Roller  Compacted  Concrete  Placement  at  McAlpine  Lock,  by  Larry  Dalton 

•  Kentucky  Lock  Addition  Downstream  Middle  Wall  Monolith  Design,  by  Scott  A.  Wheeler 

•  London  Locks  and  Dam  Major  Rehabilitation  Project,  by  David  P.  Sullivan 

•  Replacing  Existing  Lock  4:  Innovative  Designs  for  Charleroi  Lock,  by  Lisa  R.  Pierce,  Dave  A.  Stensby  and  Steve  R.  Stoltz 

•  Olmsted  L&D,  Dam  In-the-wet  Construction,  by  Byron  McClellan,  Dale  Berner  and  Kenneth  Burg 

•  Olmsted  Floating  Approach  Walls,  by  Terry  Sullivan 

•  John  Day  Navigation  Lock  Monolith  Repair,  by  Matthew  D.  Hanson 

•  Inner  Harbor  Navigation  Canal  (IHNC)  Lock  Replacement,  by  Mark  Gonski 

•  Comite  River  Diversion  Project,  by  Christopher  Dunn 

•  Waterline  Support  Failure:  A  Case  Study,  by  Angela  DeSoto  Duncan 

•  Public  Appeal  of  Major  Civil  Projects:  The  Good,  the  Bad  and  the  Ugly,  by  Kevin  Holden  and  Kirk  Sunderman 

•  Chickamauga  Lock  and  Dam  Lock  Addition  Cofferdam  Height  Optimization  Study,  by  Leon  A.  Schieber 

•  Des  Moines  Riverwalk,  by  Thomas  D.  Heinold 


Track  13 

•  Folsom  Dam  Evaluation  of  Stilling  Basin  Performance  for  Uplift  Loading  for  Historic  Flows  and  Modification  of  Folsom  Dam 

•  Stilling  Basin  for  Hydrodynamic  Loading,  by  Rick  L.  Poeppelman,  Yunjing  (Vicky)  Zhang,  and  Peter  J.  Hradilek 

•  Seismic  Stress  Analysis  of  Folsom  Dam,  by  Enrique  E.  Matheu 

•  Barge  Impact  Analysis  for  Rigid  Lock  Walls  ETL  1 110-2-563,  by  John  D.  Clarkson  and  Robert  C.  Patev 

•  Belleville  Locks  &  Dam  Barge  Accident  on  6  Jan  05,  by  John  Clarkson 

•  Portugues  Dam  Project  Update,  by  Alberto  Gonzalez,  Jim  Mangold  and  Dave  Dollar 

•  Portugues  Dam:  RCC  Materials  Investigation,  by  Jim  Hinds 

•  Nonlinear  Incremental  Thermal  Stress  Strain  Analysis  Portugues  Dam,  by  David  Dollar,  Ahmed  Nisar,  Paul  Jacob  and  Charles  Logie 

•  Seismic  Isolation  of  Mission-Critical  Infrastructure  to  Resist  Earthquake  Ground  Shaking  or  Explosion  Effects,  by  Harold  O.  Sprague,  Andrew  Whitaker  and 
Michael  Constantino 

•  Obermeyer  Gated  Spillway  S3 8 1,  by  Michael  Rannie 

•  Design  of  High  Pressure  Vertical  Steel  Gates  Chicago  Land  Underflow  Plan  McCook  Reservoir,  by  Henry  W.  Stewart,  Hassan  Tondravi,  Lue  Tekola, 

•  Development  of  Design  Criteria  for  the  Rio  Puerto  Nuevo  Contract  2D/2E  Channel  Walls,  by  Janna  Tanner,  David  Shiver,  and  Daniel  Russell 

•  Indianapolis  Nortlndianapolis  North  Phase  3  A  Warfleigh  Section 

•  Design  of  Concrete  Lined  Tunnels  in  Rock  CUP  McCook  Reservoir  Distribution  Tunnels  Contract,  by  David  Force 


Track  14 

•  GSA  Progressive  Collapse  Design  Guidelines  Applied  to  Concrete  Moment-Resisting  Frame  Buildings,  by  David  N.  Bilow  and  Mahmoud  E.  Kamara, 

•  UFC  4-023-02  Retrofit  of  Existing  Buildings  to  Resist  Explosive  Effects,  by  Jim  Caulder 

•  Summit  Bridge  Fatigue  Study,  by  Jim  Chu 

•  Quality  Assurance  for  Seismic  Resisting  Systems,  by  John  Connor 

•  Seismic  Requirements  for  Arch,  Mech,  and  Elec.  Components,  by  John  Connor 

•  SBEDS  -  (Single  degree  of  freedom  Blast  Effects  Design  Spreadsheets  ),  by  Dale  Nebuda, 

•  Design  of  Buildings  to  Resist  Progressive  Collapse  UFC  4-023-03,  by  Bernie  Deneke, 

•  Fatigue  and  Fracture  Assessment,  by  Jesse  Stuart 

•  Unified  Facilities  Criteria:  Seismic  Design  for  Buildings,  by  Jack  Hayes 

•  Evaluation  and  Repair  Of  Blast  Damaged  Reinforced  Concrete  Beams,  by  MAJ  John  L.  Hudson 

•  Building  an  In-house  Bridge  Inspection  Program 

•  United  Facilities  CriteriUnited  Facilities  Criteria  Masonry  Design  for  Buildings,  by  Tom  Wright 

•  US  ACE  Homeland  Security  Portal,  by  Michael  Pace 

•  Databse  Tools  for  Civil  Works  Projects 
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•  Standard  Procedure  for  Fatigue  Evaluation  of  Bridges,  by  Phil  Sauser 

•  Consolidation  of  Structural  Criteria  for  Military  Construction,  by  Steven  Sweeney 

•  Cathodic  Protectionfor  the  South  Power  Plant  Reinforcing  Steel,  Diego  Garcia,  BIOT,  by  Thomas  Tehada  and  Miki  Funahashi 


Track  15 


•  Engineering  Analysis  of  Airfield  Lighting  System  Lightning  Protection,  by  Dr.  Vladimir  A.  Rakov  and  Dr.  Martin  A.  Uman 

•  Dr.  Martin  A.  Uman 

•  Charleston  AFB  Airfield  Lighting  Vault 

•  UNIFIED  FACILITIES  CRITERIA  (UFC)  UFC  3-530-01  Design:  Interior,  Exterior  Lighting  and  Controls,  by  Nancy  Clanton  and  Richard  Cofer 

•  Electronic  Keycard  Access  Locks,  by  Fred  A  Crum 

•  Unified  Facilities  Criteria  (UFC)  3-560-02,  Electrical  Safety,  by  John  Peltz  and  Eddie  Davis 

•  Electronic  Security  SystemElectronic  Security  Systems  Process  Overview 

•  Lightning  Protection  Standards 

•  Electrical  Military  Workshop 

•  Information  Technology  Systems  Criteria,  by  Fred  Skroban  and  John  Peltz 

•  Electrical  Military  Workshop 

•  Electrical  Infrastructure  in  Iraq-  Restore  Iraqi  Electricity,  by  Joseph  Swiniarski 


Track  16 

•  BACnet®  Technology  Update,  by  Dave  Schwenk 

•  The  Infrastructur  Conference  2005,  by  Steven  M.  Carter  Sr.  and  Mitch  Duke 

•  Design  Consideration  for  the  Prvention  of  Mold,  by  K.  Quinn  Hart 

•  COMMISSIONING,  by  Jim  Snyder 

•  New  Building  Commissioning  ,  by  Gary  Bauer 

•  Ventilation  and  IAQ  TheNew  ASHRAE  Std  62. 1 ,  by  Davor  Novosel 

•  Basic  Design  Considerations  for  Geothermal  Heat  Pump  Systems,  by  Gary  Phetteplace 

•  Packaged  Central  Plants 

•  Effective  Use  Of  Evaporative  Cooling  For  Industrial  And  Institutional/Office  Facilities,  by  Leon  E.  Shapiro 

•  Seismic  Protection  For  Mechanical  Equipment 

•  Non  Hazardous  Chemical  Treatments  for  Heating  and  Cooling  Systems,  by  Vincent  F.  Hock  and  Susan  A.  Drozdz 

•  Trane  Government  Systems  &  Services 

•  LONWORKS  Technology  Update,  by  Dave  Schwenk 

•  Implementation  of  Lon-Based  Specifications  by  Will  White  and  Chris  Newman 


Track  17 


•  Utility  System  Security  and  Fort  Future,  by  Vicki  Van  Blaricum,  Tom  Bozada,  Tim  Perkins,  and  Vince  Hock 

•  Festus/Crystal  City  Levee  and  Pump  Station 

•  Chicago  Underflow  Plan  McCook  Reservoir  (CUP)  Construction  of  Distribution  Tunnel  and  Pumps  Installation 

•  Technological  Advances  in  Lock  Control  Systems,  by  Andy  Schimpf  and  Mike  Maher 

•  Corps  of  Engineers  in  Iraq  Rebuilding  Electrical  Infrastructure,  by  Hugh  Lowe 

•  Red  River  of  the  North  at  East  Grand  Forks,  MN  &  Grand  Forks,  ND:  Flood  Control  Project  -  Armada  of  Pump  Stations  Protect  Both  Cities,  by  Timothy 
Paulus 

•  Lessons  Learned  for  Axial/Mixed  Flow  Propeller  Pumps,  by  Mark  A.  Robertson 

•  Creek  Automated  Gate  Considerations,  by  Mark  A.  Robertson 

•  Hydro  AMP:  Hydropower  Asset  Management,  by  Lori  Rux 

•  Acoustic  Leak  Detection  for  Water  Distribution  Systems,  by  Sean  Morefield,  Vincent  F.  Hock  and  John  Carlyle 

•  Remote  Operation  System,  Kaskaskia  Dam  Design,  Certification,  &  Accreditation,  by  Shane  M.  Nieukirk 

•  Lock  Gate  Replacement  System,  by  Shaun  A.  Sipe  and  Will  Smith 


Track  20 

•  “Re-Energizing  Medical  Facility  Excellence”,  by  COL  Rick  Bond 

•  Rebuilding  and  Renovating  The  Pentagon  ,  by  Brian  T.  Dziekonski, 

•  Resident  Management  System 

•  Design-Build  and  Army  Military  Construction,  by  Mark  Grammer 

•  Defense  Acquisition  Workforce  Improvements  Act  -  Update,  by  Mark  Grammer 

•  Construction  Management  @  Risk:  Incentive  Price  Revision  -  Successive  Targets,  by  Christine  Hendzlik 

•  Construction  Reserve  Matrix,  by  Christine  Hendzlik 

•  Award  contingent  on  several  factors...,  by  Christine  Hendzlik 

•  52.216-17  Incentive  Price  Revision— Successive  Targets  (Oct  1997)  -  Alt  I  (Apr  1984),  by  Christine  Hendzlik 

•  Preconstruction  Services,  by  Christine  Hendzlik 

•  Proposal  Evaluation  Factors,  by  Christine  Hendzlik 

•  MILCON  Transformation  in  Support  of  Army  Transformation,  by  Claude  Matsui 

•  Construction  Practices  in  Russia,  by  Lance  T.  Lawton 
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•  Partnering  as  a  Best  Practice,  by  Ray  Dupont 

•  US  ACE  Tsunami  Reconstruction  for  USAID,  by  Andy  Constantaras 


Track  21 

•  Dredging  Worldwide,  by  Don  Carmen 

•  Specslntact  Editor,  by  Steven  Freitas 

•  Specslntact  Explorer,  by  Steven  Freitas 

•  American  River  Watershed  Project,  by  Steven  Freitas 

•  Unified  Facilities  Guide  Specifications  (UFGS)  Conversion  To  MasterFormat  2004,  by  Carl  Kersten 

•  Unified  Facilities  Guide  Specifications  (UFGS)  Status  and  Direction  ,  by  Jim  Quinn 


Workshops 

•  Design  of  Buildings  to  Resist  Progressive  Collapse  UFC  4-023-03,  by  Bernie  Deneke 

•  Security  Engineering  and  at  Unified  Facility  Criteria  (UFC),  by  Bernie  Deneke,  Richard  Cofer,  John  Lynch  and  Rudy  Perkey 

•  Packaged  Central  Plants,  by  Trey  Austin 
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2005  Tri-Service  Infrastructure  Systems  Conference  &  Exhibition 


AGENDA 


Monday,  August  1,  2005 


8:00  AM-9:00  PM 

Exhibit  Move-In 

12  Noon-5:00  PM 

Registration 

Tuesday,  August  2,  2005 


7:00  AM-8:00  AM 

Registration  and  Continental  Breakfast 

8:00  AM-8: 15  AM 

Ferrara  Theatre 

Welcome  and  Introduction 

8:15  AM-9:00  AM 

Ferrara  Theatre 

The  Future  of  Engineering  and  Construction  Panel 

Moderator: 

Mr.  Don  Basham,  Chief,  Engineering  &  Construction,  US  ACE 
Panelists: 

LTG  Carl  A.  Strock,  Commander,  USACE 

Dr.  James  Wright,  Chief  Engineer  NAVFAC 

9:00  AM-9:45  AM 

Ferrara  Theater 

Keynote  Address 

The  Lord  of  the  Things:  The  Future  of  Infrastructure  Technologies 

Mr.  Paul  Doherty,  AIA,  Managing  Director, 

General  Land  Corporation 

9:45  AM-10: 15  AM 

Break 

10:15  AM-11:15  AM 

Ferrara  Theatre 

USACE  Engineering  and  Construction  Panel 

Moderator: 

Mr.  Don  Basham,  Chief,  Engineering  &  Construction,  USACE 
Panelists: 

MG  Donald  T.  Riley,  Director,  Civil  Works,  USACE 

BG  Bo  M.  Temple,  Director,  Military  Programs,  USACE 

Dr.  Michael  J.  O'Connor,  Director,  R&D 

10:15  AM-11:15  AM 

Room  225 

Navy  General  Session 

11:00  AM  -  7:00  PM 

Exhibits  Open 

11:15  AM-1:00  PM 

Lunch  in  Exhibit  Hall  (on  your  own) 

11:15  AM-1:00  PM 

Washington  G 

Women's  Career  Lunch  Session  (Bring  your  lunch  from  Exhibit  Hall) 
Moderator: 

Ms.  Demi  Syriopoulou,  HQ  USACE 

Opening  Remarks: 

LTG  Carl  A.  Strock,  Commander,  USACE 

Presentations  &  Discussion: 

Dwight  Beranek,  Kristine  Ailaman,  Donald  Basham,  HQ  USACE 

1:00  PM-1:55  PM 

Ferrara  Theatre 

Introduction  to  Multi-Disciplinary  Tracks 

Tuesday,  August  2,  2005 


2:00  PM-2:50  PM  1st  Round  of  Multi-Disciplinary  Concurrent  Sessions  (Continued) 


Track  1: 

Acquisition  Strategies  for  Civil  Works 

Room  230 

Walt  Norko 

Track  2: 
Room  231 

Risk  and  Reliability  Engineering 

Anjana  Chudgar 

David  Schaaf 

Track  3: 

Room  232 

Portfolio  Risk  Assessment 

Eric  Hatpin 

Track  4: 

Room  240 

Hydrology,  Hydraulics  and  Coastal  Engineering 
Support  for  USACE 

Jerry  Webb 

Darryl  Davis 

Track  5: 

Room  241 

Civil  Works  R&D  Forum 

Joan  Pope 

Track  6: 

Room  242 

Civil  Works  Security  Engineering 

Joe  Hartman 

Bryan  Cisar 

Track  7: 

Room  226 

Building  Information  Model  Applications 

Brian  Huston 

Daniel  Hawk 

Track  8: 

Room  220 

Design  Build  for  Military  Projects 

Mark  Grammer 

Track  9: 

Room  221 

Army  Transformation/Global  Posture  Initiative/ 
Force  Modernization 

Al  Young 

Claude  Matsu i 

Track  10: 

Room  222 

Force  Protection  -  Army  Access  Control  Points 

John  Trout 

Track  11: 

Room  227 

Cost  Engineering  Forum  on  Government  Estimates 
vs.  Actual  Costs 

Ray  Lynn  Jack  Shelton  Kim  Callan 

Miguel  Jumilla  Ami  Ghosh  Joe  Bonaparte 

Track  12: 

Room  228 

Engineering  &  Construction  Information  Technology 
MK  Miles 

Track  13: 

Room  223 

Sustainable  Design 

Harry  Goradia 

Track  14: 

Room  224 

ACASS/ CCASS/ CPARS 

Ed  Marceau 

Marilyn  Nedell 

Track  15: 

Room  229 

Whole  Building  Design  Guide 

Earle  Kennett 

Tuesday,  August  2,  2005 


2:50  PM-3:30  PM 

Break  in  Exhibit  Hall 

3:30  PM-4:20  PM 

2nd  Round  of  Multi-Disciplinary  Sessions 

4:30  PM-5:20  PM 

3rd  Round  of  Multi-Disciplinary  Sessions 

5:30  PM-7:00  PM 

Ice  Breaker  Reception  in  Exhibit  Hall 

7:00  AM-8:00  AM 

Registration  and  Continental  Breakfast 

8:00  AM-9:30  AM 

Concurrent  Sessions 

(Please  Refer  to  Concurrent  Session  Schedule  on  the  Following  Pages) 

9:00  AM 

Exhibit  Hall  Opens 

9:30  AM-10:30  AM 

Break  in  Exhibit  Hall 

10:30  AM-12:00  Noon 

Concurrent  Sessions 

(Please  Refer  to  Concurrent  Session  Schedule  on  the  Following  Pages) 

12:00  Noon-l:30  PM 

Lunch  in  Exhibit  Hall 

1:30  PM-3:00  PM 

Concurrent  Sessions 

(Please  Refer  to  Concurrent  Session  Schedule  on  the  Following  Pages) 

3:00  PM-4:00  PM 

Break  in  Exhibit  Hall 

4:00  PM-5:30  PM 

Concurrent  Sessions 

5:00  PM 

Exhibit  Hall  Closes 

7:00  AM-8:00  AM 

Registration  and  Continental  Breakfast 

8:00  AM-9:30  AM 

Concurrent  Sessions 

(Please  Refer  to  Concurrent  Session  Schedule  on  Following  Pages) 

9:30  AM-10:30  AM 

Break  in  Exhibit  Hall  (Last  Chance  to  view  Exhibits) 

10:30  AM-12:00  Noon 

Concurrent  Sessions 

(Please  Refer  to  Concurrent  Session  Schedule  on  Following  Pages) 

12:00  Noon-l:30  PM 

Lunch  (On  your  own) 

12:00  Noon-6:00  PM 

Exhibits  Move-Out 

1:30  PM-3:00  PM 

Concurrent  Sessions 

(Please  Refer  to  Concurrent  Session  Schedule  on  Following  Pages) 

3:00  PM-3:30  PM 

Break 

3:30  PM-5:00  PM 

Concurrent  Sessions 

(Please  Refer  to  Concurrent  Session  Schedule  on  following  pages) 

Wednesday,  August  3,  2005  Concurrent  Sessions 
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STRENGTH  THROUGH  INDUSTRY  &  TECHNOLOGY 


2005  Tri-Service  Infrastructure  Systems  Conference  &  Exhibition 
“ Re-Energizing  Engineering  Excellence ” 

August  2-4,  2005 
St.  Louis,  MO 
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US  Army  Corps 
of  Engineers 
New  York  District 


2005  Tri-Service  Infrastructure  Systems  Conference 
‘Re-energizing  Engineering  Excellence” 


661 


BIOENGINEERING  SLOPE  STABILIZATION  TECHNIQUES 
COUPLED  WITH  TRADITIONAL  ENGINEERING 

APPLICATIONS  - 

THE  RESULT  IS  A  STABLE  SLOPE 

Waterbury  Dam  Mitigation 


Thursday  August  4th,  2005 
St.  Louis,  Missouri 


Presented  By:  Ms.  Bethany  Bearmore 


I  'flu 


US  Army  Corps  Waterbury  Dam  Mitigation 

of  Engineers 
New  York  District 


The  objective  of  the  project  is  to  improve  the  water  quality 
in  the  Waterbury  Reservoir  and  Little  River  by 
implementing  shoreline  stabilization  measures  that  reduce 

the  sediment  yield. 
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Waterbury  Dam  Mitigation 
Vicinity  Map 


Background  Information: 

1.  Winooski  River  Basin  -  1,200.0  mi2 

2.  Little  River  above  Dam  =  109.0  mi2. 

3.  Built  by  Civilian  Construction  Corps 

4.  Operational  in  1938 

4.  State  of  Vermont  Owns  &  Operates 


General  Location 


Waterbury  Dam  / 


To  Montreal 
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Waterbury  Dam  Mitigation 
Location  Map 


Waterbury  Mitigation  -  Site  3 


Waterbury  Dam 


US  Army  Corps 
of  Engineers 
New  York  District 


Waterbury  Dam  Mitigation 
Location  Map 
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Waterbury  Dam  Mitigation 
Construction  History 


Original  Construction  (April  1935  -  October  1938) 

♦  Built  in  response  to  1927  Flood  event 

♦  Project  constructed  by  Civilian  Conservation  Corps;  designed 
by  Corps  of  Engineers 

Later  Modifications  to  Dam  with  COE  Involvement 

♦  1957  Modification. 

♦  Embankment  was  raised  3  feet. 

♦  Added  Third  Tainter  Gate. 

♦  1985  Seepage  Remediation. 

♦  Corrected  terrace  seepage. 

♦  Discovered  and  remediated  gorge  seepage. 

♦  2002  Seepage  Remediation. 

♦  Repair  of  conduit  through  dam 

♦  Lowering  of  Pool  to  Elevation  520,  which  resulted  in  slope 
instability  along  reservoir 

♦  Placement  of  Secant  Piles 


US  Army  Corps 
of  Engineers 
New  York  District 


Waterbury  Dam  Mitigation 
Why  Stabilization  is  Needed 


•  Slope  erosion 

♦  Seepage  forces  generated  from  water  JeveLdrawdown 

♦  Wind  and  wave  energy  from  reservoir 

♦  Overland  flow 

♦  Loss  of  sol  tensile  strength 

•  Water  quality 

*  Increased  turbidity  down  stream  of  the  dam 

•  Loss  of  habitat 

•  Loss  of  vegetation  due  to  bank  fanure 

•  Potential  loss  of  state  park  area 
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Waterbury  Dam  Mitigation 
What  is  Bioengineering? 


Bioengineering  is  a  technical  term  used  to 
describe  a  variety  of  techniques  that  use 
dormant  cuttings  from  woody  plants  to 
alleviate  erosion.  Cuttings  are  taken  from 
species  that  root  easily,  such  as  willow  and 
dogwood,  then  planted  in  a  specific 
arrangement  depending  upon  the 
technique.  The  beauty  of  these  techniques  is 
that  they  alleviate  erosion,  improve  water 
quality,  enhance  wildlife  habitat  and  look  more 
natural  than  a  pile  of  rock  filled  wire  baskets  or 
other  such  structures.* 
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Waterbury  Dam  Mitigation 
Why  Use  Bioengineering? 


•  Provides  a  more  aesthetically  pleasing  site 

•  Allows  the  reintroduction  of  native  plants  species 

•  Encourages  a  more  responsive  approach  to  adaptive 
management 

•  Allows  for  a  more  rapid  return  to  a  “natural”  setting 

•  Fosters  the  interaction  of  the  biologist  and  engineer 
to  produce  a  better  project 

•  Reduce  seepage  forces  and  surface  erosion 

•  Increase  soil  tensile  strength 

•  Water  quality  improvement 


Location  of 
campsite 


Location  of  fire 
pit 


Waterbury  Dam  Mitigation 
Existing  Site 

Current  water  level  of 
reservoir  550’ 
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Waterbury  Dam  Mitigation 
Existing  Site 
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Current  Angle  of  Slope  -  23°  to  47° 
Max  stable  slope  -  41° 

Colton  gravelly,  loamy  sand 
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Waterbury  Dam  Mitigation 
Conceptual  process 


Conceptual  Process 
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Waterbury  Dam  Mitigation 
Design  of  Final  Alternative 


Three  Components  to  the  final  design 


Toe  Protection 


♦  Transition  Zone 


Upland  Slope 


WwW 
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Waterbury  Dam  Mitigation 
Toe  Protection 


Traditional  Engineering  Application 

♦  Wind  Waves 

.  USACE  EM  1 110-2-1414,  Water  Levels  and 
Wave  Heights  for  Coastal  Engineering  Design 


.  Assumed  waves  would  not  be  greater  than  5  ft 
♦  Largest  fetch  at  site  is  3,360  ft 


US  Army  Corps 
of  Engineers 
New  York  District 


Waterbury  Dam  Mitigation 
Toe  Protection 


•  Traditional  Engineering  Application 

♦  Vessel  Waves 

.  3  recommended  equations  from  the  Interim  Report  for  the 
Upper  Mississippi  River  -  Illinois  Waterway  System 
Navigation  Study,  ENV  Report  4,  December  1 997 

*  Used  to  determine  vessel  generated  waves  in  deeper  water 

♦  Sorrenson  and  Weggel  1984,  Sorrenson  and  Weggel  1986 
and  PIANC  1987 

.  PIANC  was  used  to  calculate  vessel  wave  heights 

.  The  dispersion  equation  was  used  to  determine  the 
shallow  water  wave  height 


WwW 
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Waterbury  Dam  Mitigation 
Toe  Protection 


Traditional  Engineering  Application 

♦  Quarry  Stone 

.  Stone  from  surrounding  area 

.  EM  1 1 1 0-2-161 4  -  Revetment  Design  and  the  CEDAS 
version  2.01  G  Software  (USACE  WES,  2003) 

.  Stone  matches  the  natural  rock  outcrops  that  currently 
exist  around  the  reservoir 

.  Armor  layer  will  extend  4  ft  above  maintained  water 
surface  to  account  for  run-up 

.  Armor  layer  will  extend  5  ft  below  water  surface  to 
account  for  scour 


Large  woody  debris  from  site  will  be  used 


WwW 
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Waterbury  Dam  Mitigation 
Toe  Protection 


Revetment  Design  Input  Parameters 


Design  Vessel  Dimensions 

8  ft  wide,  20  ft  long,  2  ft  draft 

Vessel  Speed,  Depth,  Distance  to 

Shore 

10  knots,  30  ft  depth,  50  ft  from  shore 

Wave  Height  -  Deep  Water 

3.0  ft 

Wave  Height  at  Toe  of  Revetment 

3.72  ft 

Wave  Period 

2.7  SECONDS 

Unit  Weight  of  Rock 

170  lb/ft3 

Revetment  Slope 

1  Vertical:  2Horizontal 

Permeability  Coefficient 

0.1 

Damage  Level 

2  (minimum) 

Armor  Layer  Median  Stone  Size 

206  lbs  (1 .07  ft) 

Armor  Layer  Thickness 

2.5  ft 

Filter  Layer  Median  Stone  Size 

0.38  lbs  (0.13  ft) 

Filter  Layer  Thickness 

1  ft 

Armor  Layer  Location 

593.5  to  584.5  ft  at  2.5  ft  thickness 

Bedding  Layer  Location 

589.5  to  583.5  at  1 .0  ft  thickness 

Linear  Ft  of  Shoreline  to  be  Armored 

723  ft 

I  'flu 
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Waterbury  Dam  Mitigation 
Toe  Protection 


Elevation  589.5ft 


lft  Thick  Bedding  Layer 


f^50  "  1ft 

2.5ft  Thick  Layer 
Keyed  into  bank 


Existing  Grade 


Live 
Fascine 

Elevation  593.5ft 


Geotextile  Fabric 
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Waterbury  Dam  Mitigation 
Transition  Zone 


•  Bioengineering  Application 

♦  Vegetated  Geo-grid 

.  Live  cut  branches  interspaced  between  layers  of  soil 

.  Stabilize  slope  and  provide  surface  erosion  protection 

•  Retards  runoff  velocity  and  filters  sediment  out  of  the 
slope  runoff 

.  Brush  layering  -  Red-osier  Dogwood,  Silky  Dogwood, 
Pussy  Willow  and  Purple  Osier  Willow 

.  Vegetated  soil  lifts,  after  established  should  be  able  to 
withstand  run-up  form  vessel  waves 

•  Material  generally  ranges  Vi'  -  2”  in  diameter  and  3  -  7  ft 
in  length 
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Waterbury  Dam  Mitigation 
Upland  Slope  Stabilization 


Bioengineering  Application 

♦  Cutting  back  the  slope 

.  Maximum  slope  angle  of  41  degrees 

♦  Branches 

.  Woody,  root  able  plant  cutting  inserted  into  ground 
.  Alternate  leaved  Dogwood  and  Purple  Osier  Willow 

.  Branches  are  usually  Vz  to  2  inches  in  diameter  and  2  to  3 
feet  in  length 

•  Extract  excess  soil  moisture  which  reduces  the  soil  pore 
water  pressure 
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Waterbury  Dam  Mitigation 
Upland  Slope  Stabilization 


Bioengineering  Application 

♦  Tublings 

.  Tree  and  shrub  seedlings 

•  White  Pine,  Eastern  Hemlock,  Bearberry  and  Buttonbush 

•  Typically  2”  in  diameter  and  6  ft  in  length 

.  Increase  the  cohesion  and  integrity  of  the  soil 

♦  Erosion  Control  fabric 

.  Temporary  degradable  blankets  used  to  enhance  the 
establishment  of  vegetation 

.  Provide  tractive  resistance  and  resist  water  velocity  on 
slopes 
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Waterbury  Dam  Mitigation 
Upland  Slope  Stabilization 


Existing  Grade 


Key-in  Trench 


Proposed  Grade 


s  —  Branches  keyed  into  bank  5’  O.C. 
\ 


Tree  Tubling  planted  in  soil 


Erosion  Control  Fabric 


Key-in  Trench 
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Waterbury  Dam  Mitigation 

Monitoring 


•  VANR  will  monitor  the  site  weekly  from  April  to 
October. 

•  Monitoring  period  will  be  up  to  five  years. 

•  The  New  York  District  will  receive  regular 
updates  from  VANR. 

•  The  New  York  District  will  conduct  site  visits 
periodically  through  the  monitoring  period. 
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Waterbury  Dam  Mitigation 

Conclusion 


The  USACE  -  New  York  District  was  able  to  work  effectively  with  the 

Vermont  Agency  of  Natural  Resources  (VANR)  to  promote 

bioengineering  as  a  significant  part  of  the  mitigation.  This  “marriage” 

of  bioengineering  and  traditional  slope  stabilization  techniques  had 

not  been  utilized  by  the  New  York  District  before  this  project  and 

this  project  provided  an  opportunity  to  incorporate  the 

Environmental  Operating  Principles  into  the  project.  The  final 

mitigation  design  is  a  combination  of  bioengineering  techniques  for 

the  slope  stabilization  and  the  placement  of  riprap  for  toe  protection 

against  wind  and  vessel  waves. 

•Costs  for  the  project 

-Total  Project  Cost  =  $572,000 

•Toe  Protection  =  $201,000 
•Transition  Zone  =  $74,000 
•Upland  Planting  =  $245,000 
•Other  =  $52,000 
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Waterbury  Dam  Mitigation 
Lessons  Learned 


Partnerships 

♦  Involving  the  Local  Sponsor,  VANR  early  in  the  conceptual 
process 

♦  Corps  understanding  and  incorporating  the  requests  of  VANR 

♦  Combining  the  the  design  goals  of  the  biologist  and  engineers 


More  research  needs  to  be  conducted  on  recreational 
vessel  wave  heights  in  reservoirs 


Bhflnk  out  of  the  box 
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Waterbury  Dam  Mitigation 
Team  Members 


•  Army  Corps  of  Engineers  -  New  York  District 

♦  Paul  Tumminello  -  Project  Manager 

♦  Marty  Goff  -  Project  Engineer 

♦  Kerry  Anne  Donohue  -  Design  Engineer 

♦  Bethany  Bearmore  -  Design  Engineer 

♦  Kimberly  Rightler  -  Biologist 

♦  Emily  Eng  -  Cost  Engineer 

♦  Kevin  Meranda  -  Constructability 

•  Vermont  Agency  of  Natural  Resources 

♦  Brian  Fitzgerald  -  Hydrologist 

♦  Susan  Warren  -  Biologist 

♦  Susan  Baulmer  -  Parks 

•  Army  Corps  of  Engineers  -  New  England  District 

♦  Kate  Atwood  -  Cultural  Resources 

•  A/E 

♦  Northern  Ecological  Associates 
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Future  Site  and  Questions 


COMPOSITE  CUT-OFFS  FOR  DAMS 


Dr.  Donald  A.  Bruce,  C.Eng. 

and 

Trent  L.  Dreese,  P.E. 
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1.  Alternative  Definitions  of  "Composite" 
Cut-Offs 
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4. 


Review  of  Individual  Technology 

2. 1  Concrete  Cut-Offs  l| 

2.2  Drilled  and  Grouted  Cut-Offs 


I  llustrative  Case  Histories 


Observations  and  Conclusions 
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1.  Alternative  Definitions  of  "Composite” 
Cut-Offs 

A.  By  Technology 

Using  two  or  more  technologies  to: 

A.  Create  the  cut-off  (e.g.,  concrete  cut-off  through  alluvium 
with  grout  curtain  in  rock  below). 

B.  Permit  the  construction  of  a  concrete  cut-off  by  pretreating 
the  rock  mass. 

B.  By  Material 

Using  two  or  more  distinct  families  of  grouts  to  form  a 
multicomponent  curtain  (e.g.,  LMG,  HMG,  polyurethanes  and 
hot  bitumen  to  stop  large  fast  flows). 

Note:  Cut-offs  may  be  conceived  and  designed  as  composite  prior  to 
construction,  or  can  become  composite,  out  of  necessity,  after  construction 
begins. 
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2.  Review  of 


Basically  there  are  tw 

1.  Cut-offs  comprisi 
■  be  constructe 

-  Diaphragr 

-  Secant  pi  I 

-  DMM 

-  TRD 


■  comprise  a  variety  of  materials  from  high  strength  concrete,  to 
plastic  concrete 


2.  Cut-offs  formed  by  drilling  and  grouting  techniques.  Such  cut-offs  can: 

■  be  created  in  rock  (fissure  or  void  grouting)  or  in  soil  (jet  grouting, 
permeation  grouting,  hydrofracture  grouting) 

■  can  deploy  a  wide  variety  of  materials  depending  on  the  project 
goals  and  conditions 
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Each  family  of  cut-offs  has  advantages  and  disadvantages 
(both  real  and  perceived).  We  have  traditionally  elected  to 
“live  with"  the  consequences  of  one  technology. 


Advantages 


Concrete  Cut-Offs 


Drilled  and 
Grouted 


“Positive"  long-term  solution  (if 
constructed  properly). 

Low  uniform  permeability 
through  all  ground 

Simple  concept  but  sophi 
equipment. 


Excellent  recent  record  in 
fractured  rock  masses. 

Can  focus  on  targeted 
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Smaller  equipment,  sophisticated 
methods  and  materials 
(responsive). 

GEOSYSTEMS,  L.P 


Disadvantages 


Concrete  Cut-Offs  ■ 


Drilled  and  ■ 
Grouted 
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Cost. 

Not  “flexible"  in  response  to  variable  in- 
ground  conditions,  i.e.,  much  of  wall  ma 
be  wasted. 

Rock  properties  (hardness,  rippability) 
pose  major  controls  over  feasibility  and 
productivity. 

Can  be  high  risk  to  dam  slurry  loss. 

Site  logistics  and  space. 

Alignment. 

Depth  limitations. 

Efficiency  will  decline  in  soluble/ 
erodible  conditions. 

Therefore,  not  perceived  as  “positive." 
Historical  bias.  GEOSYSTEMS,  L.P. 


2.  Review  of  Individual  Cut-Off  Technologies 

1.  Diaphragm  Wall  Techniques 
-  Cutters/ Mi  I  Is 


Development  of  T rench  Cutters 
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Development  of  Bauer  Trench  Cutters 
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SECONDARY 


HEffral  [ywnTnfW 


rT he  cutters  continuously 
remove  the  soil  from  the 
bottom  of  the  trench,  breaks  it 
up  and  mixes  it  with  a 
bentonite  slurry  in  the  trench. 


SLURRY  FLOW-CHART 

disposal  area 
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The  slurry  charged  with  soil 
particles  is  pumped  through  a 
pipe  to  the  de- sanding  plant 
where  it  is  cleaned  and 
returned  into  the  trench. 
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2.  Review  of  I  ndividual  Cut-Off 
Technologies 

_  -  Conventional  grabs  (cable  or  hydraulic) 
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Khao  Laem  Dam,  Thailand 
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TRD  Method 


Up  to  July  2003, 

Number  of  job  sites  :  over  than  220, 


^liVi 


Power 

assembly 


Roll  down 
&  excavation 


Move 


Idler  Bottom 


Standard  post 
with  chain  & 
cutting  teeth 


Join  power 
assembly  &  post 


Roll  down  & 
excavation 


Cut  off  &  moving 


2.  Drilling  and  Grouting  Techniques 
2.1  Rock  Fissure  Drilling  and  Grouting 
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2.  Drilling  and  Grouting  Techniques 
2.2  Rock  Void  Drilling  for  Grout  Holes 


Groundwater  connection  through  an 
underground  conduit,  and  geyser 
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2.  Drilling  and  Grouting  Techniques 
2.3  Treatment  of  Soil  by  Permeation 


■%J3 
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2.  Drilling  and  Grouting  Techniques 
2.3  Treatment  of  Soil  by  J  et  Grouting 
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3.  I  llustrative  Case  Hi 


1.  Papadia,  Greece 


2.  Diavik,  NWT 


3.  W.F.  George,  AL 


4.  Clearwater,  MO 


5.  Tims  Ford,  TN 


6.  Cape  Girardeau,  MO 


7.  Mud  Mountain,  WA 


8.  Mississenewa  Dam,  I N 


9.  Peixe  Dam,  Brazil 


Designed  as  Composites  (T 


Wall  Type 


Diaphragm 

(Mill/Cutter) 


V 

V 

Modified  during  construction  to  become  composites. 
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1.  Papadia  Dam,  Greece 


Plasti 


1  Gannett  Fleming 


L.P. 


2.  DIAVIK  Diam 


Mines,  Project  in  year  2018 


■ 


r\P\  groui  curiam 


Qr: 


Dl  AVI  K  Proj  ect 
North  I  nlet  Dike 


* 

BAUER 


North  Inlet 


Lac  de  Gras 


Cutroff  wall  data : 


max  depth 
thickness 

artificial  fill  dam : 

main  equipment 
av.  performance 

till  and  frozen  till: 


35  m 
800  mm 

22.000  m2 
grab 
15  m2/h 

11.000  m2 


(cohesive  with  stones  and  boulders) 


main  equipment 


av.  performance 
big  boulders 


1  cutter 

2  grabs 
chisel 

2,5  m2/h 
1  m2/h 


-*■ 

BAUER 


DIAVIK  Project 

High  Pressure  Grout 
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3.  W.F.  George  Dam,  AL 


Program  of  investigatory  drilling  and  grouting 
prior  to  construction  of  concrete  cut-off  wall. 
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Mobile  District 

Exploratory  Holes  and  Grouting 


-  11,800  Ift 

-  102  Holes 


Coring 

-  1,900  Ift 

*  \T 

-  13  Holes 
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Exploratory  Grouting  Layout 
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TREV1ICOS  /  RODIO 

JOINT  VENTURE 

US  Army  Corps 
of  Engineers  ® 

Mobile  District 

PRELI  Ml  NARY  I NVESTI GATI  ON 

By  conducting  an  extensive  exploratory  campaign  the  J  V 
gained  vital  information  which  allowed  it  to  plan  the  work 
ahead  even  when  confronted  with  situations  at  variance  from 
what  the  contract  documents  showed. 

Advance  information  is  relatively  cheap  to  acquire  and  it  pays 
for  itself  many  times  over  in  avoiding  or  mitigating  delays  and 
extra  costs  during  the  performance  of  the  work. 


THERE  IS  NO  SUCH  THING  AS  TOO  MUCH 
INFORMATION,  ESPECIALLY  OF  UNDERGROUND 
CONDITIONS! 


US  Army  Corps 
of  Engineers  ® 

Mobile  District 
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GEOSYSTEMS,  LP. 
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DISCHARGE,  GPM 


8000 


TIMS  FORD  DAM 

RIGHT  RIM  LEAKAGE 


1999 


YEARS 


RIGHT  RIM  WEIR  NO.  6 
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Clear  example  of  equivalent 
performance  of  grouting  to 
concrete  cut-off  wall  construction. 
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9.  Peixe  Dam,  Brazil 


Rock  grouting  used  in  voided/fissured  karstic  limestone 
inlier.  J  et  grouting  required  to  treat  weathered,  soil-like 
materials  lying  above  fresher  rock. 


4.  Observations  and  C 


Numerous  excellent  constru 
However,  more  than  one  m 
time,  or  some  location  on  a 
the  design  and  construction 
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By  "shoehorning"  one  techn 
outcomes  often  occur: 

•  I  neffective  seepage  contr 

•  Large  construction  dair 

•  Damage  to  structure,  I  •/, 

•  Need  for  future  remediation,  or  even 
»  Abandonment  of  remediation  efforts. 
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Definition 


Balanced  Stable  Cement  Grout 

A  homogenous  balanced  blend  of  water  and  cement 
combined  with  selected  additives  and  admixtures 
producing  a  product  with  zero  bleed,  low  cohesion  and 
good  resistance  to  pressure  filtration. 


Balanced  Stable  Grout 


Optimal  Blend 
of  physical  & 
rheological 
properties  for 
application 


Zero  Bleed 
Homogeneous 

_ J 


Water 

Cement 

Additives 

Admixtures 

V  J 


Unstable  Grout  Mixtures 


Variable  Rheology 
Poor  Particle  Orientation 
High  Segregation  &  Sedimentation 
High  Pressure  Filtration  Coefficient 
Unpredictable  Behavior 
Unstable  During  Injection 
Marginal  Durability 
High  Bleed  Potential 
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Theory 


What  are  the  desired  properties  of  a  cement 
based  suspension  grout? 


Low  cohesion 

Viscosity  consistent  with  acceptable 
penetration  rate 

Minimal  to  zero  bleed 

Constant  rheology  during  application 

Dispersed  particles 

High  durability 
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Balanced  Stable  Grouts 


Stabilized  vs.  Neat  Grouts 

Grout  Injection  Theory 


Stabilized  vs.  Neat  Grouts 

Grout  Injection  Theory 


Stabilized  vs.  Neat  Grouts 

Grout  Injection  Theory 


Neat  Grouts 


Refusal  Controlled  by  Pressure 
and  Cohesion 


Pressure  Filtration 


Densification  of  Grout 
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Substantial  Water  Loss 
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Stabilized  vs.  Neat  Grouts 

Grout  Injection  Theory 


Neat  Grouts 


Post  Grout  Bleed  Channels 


Stabilized  vs.  Neat  Grouts 

Grout  Injection  Theory 


Neat  Grouts 


Stabilized  vs.  Neat  Grouts 

Grout  Injection  Theory 


Stabilized  vs.  Neat  Grouts 

Grout  Injection  Theory 


Minor  Densification 
of  Grout 


Stabilized  Grouts 

Refusal  Controlled  by  Pressure 
and  Cohesion 


Greater  Penetration  Due 
To  Lower  Cohesion 


Minimal  Water  Loss  Through 
Pressure  Filtration 


Tri-Service  Infrastructure 
Systems  Cimferertcs  & 
'  Exp-usiifjon  200-5 


Stabilized  vs.  Neat  Grouts 

Grout  Injection  Theory 


Grout  placement  is 
extremely  effective  resulting 
in  a  more  durable  treatment 


Stabilized  Grouts 

Minimal  Bleed  Channels 


Characteristics  of  Balanced  Stable 
Cement-Based  Suspension  Grouts 

•  Cement  +  water  +  additives  + 
admixtures 

•  Minimal  to  zero  bleed 

•  High  resistance  to  pressure  filtration 

•  Organized  particles  due  to  electrostatic 
and  chemical  interaction 

•  High  durability 


Characteristics  of  Unstable 
Water  Cement  Grouts 

•  Cement  +  water 

•  Considerable  bleed  potential 

•  Low  resistance  to  pressure  filtration 

•  Unorganized  particles 

•  Lower  durability 


Advantages  of  Balanced  Stable  Grouts 

•  Dispersed  structure,  stable  rheology  and  lower  cohesion  result  in  increased 
penetrability  and  greater  radius  of  grout  spread 

•  Minimal  to  zero  bleed  -  The  fractures  that  are  filled  remain  1 00%  filled 

•  Increased  penetration  and  minimal  to  zero  bleed  result  in  lower  residual 
permeability 

•  Lower  residual  curtain  and  grout  matrix  permeability  result  in  increased 
durability 


A.C.T. 


Materials 


Common  Additives  to  Balanced  Stable  Grout 


Bentonite 

Silica  Fume 

Flyash  (Type  C  or  F) 

Welan  Gum 

Dispersant  (Super  Plasticizer) 


ISC 
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Bentonite 


•  Product 

Natural  sodium 
montmorillonite  clay 
product. 

Typical  dosage  is  2-8  % 
weight  of  cement. 

Should  be  pre-hydrated 
and  added  as  a  slurry. 


•  Characteristics 


Advantages 


Reduced  pressure  filtration 
Reduced  final  bleed 
Enhanced  stability 


Disadvantages 


Increased  cohesion 
Increased  viscosity 


Silica  Fume 


•  Product 

By-product  of  the  production 
silicon. 

Very  fine  spherical 
particulate. 

Typical  dosage  between  4-8 
%  by  weight  of  cement. 


•  Characteristics 


Advantages 


Increased  penetrability 
Reduced  final  permeability 
Enhanced  durability 
Water  repellant 
Reduces  pressure  filtration 


Disadvantages 


Increased  Strength 


Welan  Gum 


•  Product 

High  molecular  weight 
bipolymer. 

Used  to  increase 
resistance  to  pressure 
filtration  and  for  artesian 
conditions. 

Typical  dosage  is  0.1  %  by 
weight  of  cement. 


•  Characteristics 


Advantages 


Reduces  pressure  filtration 
Reduced  segregation 
Enhanced  water  repellant 


Disadvantages 


Increases  cohesion 


Dispersant 


•  Product 


Naphthalene  sulfonate 
based. 

Enrobes  cement  particles 
with  a  negative  charge  so 
particles  repell. 


Characteristics 


Advantages 


Increased  penetrability 
Increased  pumping  time 


sa 


Increases  set  time 


Typical  dosage  is  1-  2%  by 
weight  of  cement. 


Testing 


Properties 

Test 

Units 

Cohesion 

Viscometer 

Pa 

Viscosity 

Marsh  Funnel 

Sec 

Pressure  Filtration 

Filter  Press 

Kpf 

Bleed 

Cylinders 

% 

Density 

Mud  Balance 

#/ft3 

Set  Time 

Vicat  Needle 

Hrs 

Compressive  Strength 

Cubes 

psi 

Cohesion  Testing 


•  Viscometer  Test 

Cohesion 

pascals  (Pa) 


I5C 


I 
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Evolution  of  Cohesion 


0  180  360  540  720  900  1080  1260 

Time  (minutes) 

Evolution  of  Viscositv  from  Shear  Tube  Test 


Viscosity  (Marsh  Funnel) 


•  Viscosity  Reading 
seconds 

•  Measure  of  flowability 
of  fluid  grout 

•  Water  =  28  sec 

•  Grout  =  32-70  sec 


Apparent  Viscosity  (cP) 


80 

70 

60 

50 

40 

30 

20 

10 


'5  1.50  1.25  1.00  0.; 

Water-Soild  Ratio 

Relationship  of  Apparent  Viscosity  and  Water-Soild  Ratio 
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volume  of  water  ejected 


Kpf  = 


initial  volume  of  grout  x  (filtration  time  (min))1/2 


Pressure  Filtration  Testing 


Mix  C  k  Mix  D  Mix  E  — • — Mix  F 


• — 

— 

=r- 

10  15  20  25  30  35 

Time  (minutes) 

Pressure  Filtration  Coefficients 


Mud  Balance 


•  Measures  Density 


•  Useful  test  for  quality 
control  on  mix 
consistency 


Set  Time 


•  Vicat  Needle 

Initial  set  25  mm 
Final  set  0  mm 


Set  Time  (hours) 


1.75 


1.50 


1.25 

Water-Solid  Ratio 


1.00 


Relationship  of  Set  Time  and  Water-Soild  Ratio 
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Pressure  Filtration  Coef.  (Kpf 
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Toll  Free  Telephone:  877-373-7248 
Email:  jdavies@agtgroup.com 
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2005  Tri-Service 
Infrastructure 
Systems  Conference 

Re-Energizing  Engineering 
Excellence 

State  of  the  Art  in 
Computer  Monitoring 
and  Analysis  of 
Grouting 

Trent  L.  Dreese,  P.E. 

David  B.  Wilson,  P.E. 


The  Old  Way  of  Grouting 


Qualitative  Design 

>  Example:  Depth  of  holes  equal  to  height  of  dam 
Vertical  Holes  - 

•  might  or  might  not  be  appropriate  depending  on 
geology 

Unstable  Grouts  - 

•  Typically  neat  cement  grouts 

Pressures  -  Based  on  usually  conservative  rules  of 
thumb 

Data  Acquisition  -  Dipstick  and  Gauge  Technology 

Data  Recording  -  Inspector  at  each  header  manually 
recording  and  plotting  grout  take  versus  time  with 
average  pressure  recorded. 


Data  Collection  &  Monitoring  (2000) 


Analysis  (2000) 


The  New  Way  of  Grouting 

Quantitative  Design 

>  Intensity  of  Grouting  consistent  with  design 
assumptions  and  requirements 

Hole  Orientation  and  Depth  selected  consistent  with 
site  geology 

Stable  Grouts  with  multiple  admixtures 

Pressures  -  Maximum  safe  pressure  utilized 

Data  Acquisition  -  Flowmeters  and  Pressure 
Transducers 

Data  Recording  -  Computer  Monitoring  by 
experienced  Engineer  of  Geologist 


Advantages 

•  Measurement  Accuracy  Significantly  Improved 

•  Real  Time  Data  is  obtained  (2-10  seconds  vs.  5-15 
min.) 

•  Allows  one  to  use  higher  pressures  with  confidence; 
Dilation  and  Lifting  easily  picked  up  on  screen 

•  Formation  Response  to  procedure  changes  (mix  or 
pressure)  are  known  immediately 

•  Accelerates  the  Work 

•  Reduces  Inspection  Manpower  Requirements 

•  Permits  reallocation  of  resources  to  analyze 
program  results  and  recommend  cost  effective 
program  modifications. 


Total  Curtain  Cost 


Curtain  Total  Costs 


o 

O 


■  Special  Costs 

■  Inspection  Costs 

□  Construction  Costs 


Level  2  Technology 


Key: 


Automatically  obtained  by  system 
Obtained  with  moderate  additional  effort 
Obtained  with  significant  additional  effort 
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Level  3  Technology 


Key: 


Automatically  obtained  by  system 
Obtained  with  moderate  additional  effort 
Obtained  with  significant  additional  effort 
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Lugeon  Value  <6  =  Purple 
6  <  Lugeon  Value  <  10  =  Green 
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50  <  Lugeon  Value  <15  =  Yellow 
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Summary 

•  Computer  monitoring  and  and  analysis  of  grouting  has 
come  of  age  as  a  reliable  and  effective  tool  for  better  faster 
and  less  expensive  grouting. 


•  When  combined  with  proper  investigation,  design,  and 
contract  mechanisms,  real  time  data  collection  and  analysis 
by  a  competent  grouting  engineer  or  geologist  results  in 
engineered  grout  curtains  constructed  with  dependable 
predictable  performance  with  virtually  the  same  degree  of 
confidence  in  quality  as  visible  above  ground  construction. 
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Bluff  recession  along  Lake  Michigan’s  Coast 
causes  substantial  property  loss  annually. 

Recession  rates:-  1  to  2  ft/yr  at  study  site  over 
the  past  135  years. 

Engineered  structures  consistently  fail  to  deter 
erosion: 

•Typically  designed  to  prevent  toe 
erosion,  while  precipitation  and 
groundwater  discharge  from  the  bluff  face 
may  be  the  governing  factor  in  bluff 
failure. 
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Phase  I  -  Monitoring 

Study  at  Allegan  County,  Miami  Park  South 
•Through  long  term  (8  years)  monitoring 
correlations  were  made  between  bluff 
displacement  and  climate. 
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Bluff  Stabilization  -  Lake  Michigan’s  Coast, 
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Conclusions  of  monitoring 

1996  to  2002 
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•High  lake  levels  contributed  to  magnitude  of  earlier 
displacements  (pre  1999). 

•Bluff  movements  O  rises  in  perched  water  levels 

•Rises  in  perched  water  tables  &  pore  pressures  O 

bluff  face  freezing. 

•Wave  erosion:  removal  of  displaced  materials  => 
more  slumping. 

•Continued  slumping  despite  little  toe  erosion 
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Phase  II  -  Dewatering  the  site 
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•Developed  plan  to  dewater  with  pumps  in  vertical 
wells  &  passive  horizontal  wells  drilled  into  bluff 
face 

•Plan  included  instrumentation  of  slope  for  remote 
monitoring  of:- 

•displacement 

•  groundwater  levels 

•ground  temperatures 

•atmospheric  conditions 

•bluff  face  freezing 
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Bluff  Stabilization  -  Lake  Michigan’s  Coast, 

Allegan  Co.  Michigan 


•  Three  recognized 
potentiometric 
surfaces 

-  Deep  (extension  of 

lake  level 

-  Intermediate 

(perched) 

-  Shallow  (perched) 

(after  Montgomery, 
1998) 
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Phase  II  -  Dewatering  the  site 

MPS  Well  Discharge 
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Effect  of  Water  Removal  on  local 
Displacements-dewatered  site 
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Effect  of  Water  Removal  on  local 
Displacements-control  site 
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Conclusions  of  first  year’s 
dewatering  efforts 


•After  bluff  face  froze,  groundwater  flow  direction  changed 
periodically 

•Horizontal  passive  wells  not  as  effective  as  vertical  active 
wells. 

•Mean  shear  displacement  in  wells  on  dewatered  site  was 
about  2.83  in.  per  well 

•Mean  shear  displacement  in  wells  on  control  site  was  about 
11.50  in.  per  well 

•Removal  of  perched  groundwater  during  the  2004-05 
winter  spring  cycle  created  a  three  times  more  stable  bluff 
than  at  control  site 

•Repeated  experiments  between  now  and  2009  will  test 
repeatability  of  2004-05  results 
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Future  Work-development  of 
knowledge-based  data  base  system 
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|M|  Typical  Monolith  Joint  with  no 

y  v 

ofSEAnrgTnyeer°/ps  waterstop  in  base  of  conduit 


Factors  affecting  monolith  joints. 

>  Structure  constructed  in  old 
stream  channel  (sands)  to 
minimize  differential  settlement. 

>  Missing  Waterstops 

>  Misplaced  Reinforcement 
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Table  1 


C°RPS  Of  ^ 


Previous  Grouting  at  Outlet  Works  Performed  during  1950  and  2003 
Cement  Grout,  Chemical  Grout,  Cem 

3.  Cu.  Ft.  gal.  _ ( 

1950  I  1971  I  1977  1988  I  1998  I  2000  I  2003 


Joint  No. 

Cement  Grout, 

Cu.  Ft. 

1950 

1971 

1977 

1988 

Transiiton/1 

1/2 

0.5 

0.4 

3.5 

2/3 

1.0 

0.6 

15.0 

3/4 

9.5 

410 

0.5 

2.0 

4/5 

12.5 

4.6 

5/6 

47 

33.1 

6.9 

9.0 

6/7 

98 

67.6 

7.6 

10.0 

7/8 

7 

0.8 

8/9 

0.6 

1.0 

9/10 

1.0 

10/11 

0.6 

11/12 

0.4 

12/13 

Subtotal 

175 

519.8 

16.4 

39.5' 

711.2 

i 

Total 

1031.8 

2,52 
62  gal. 


5.0 

285. 8cu.  ft 


Cement  Grout, 
Cu.  Ft. 

2003 

2003 

11.4 

15 

10.0 

13.4 

152 

34.8 

Note:  1.  The  chemical  grouting  was  performed  using  Hydro  Active  Cut  (  1  gal  ~  6.67  cu.  ft.  of  stabilized  soil) 

2.  The  chemical  grouting  was  performed  using  Hydro  Active  Flex  LV  (1  gal  ~  1  cu.  ft.  of  grout) 

_ 3.  Settlement  of  monoliths  1  through  8  of  approximately  1 1  inches  account  for  the  loss  of  78  cu.  yd.  of  material. 
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3/4  Cubic  Yards  of  Foundation  Sand  piped 
through  Monolith  Joint  5/6,  Aug.  2003 
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OUTLET  WORKS 

Constructed  in  1941 
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Detail  for  Installation  of  Stainless  Steel  Plates 
at  Monolith  Joints  5/6  and  6/7,  Aug  2004 


of  Engineers® 


Stainless 
Steel  Plate 


TYPICAL  SECTION 

5TA  mi+M  TO  STAUM  +  » 
KAtf  1 If*  =  I  FT 


Waterstop 


r*  bars,  tO 


■fit  id  jaini 


r$f  ^'f.c 


tuirx 6'c-c 

4*c<c 
...  hook 


r  —  .-jj  ■j 

/V  sttf-rups,  /sgs  i  ■ 
/cngf’hjdfnaJty^ 
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Forming  Plug  at  Concrete  Surface  of 
Conduit  for  Injection  of  Chemical  Grout 
between  Waterstop  and  Plate. 


Geotextile  and  Rubber  Strips  placed  between 

us  Army  Corps  Concrete  Surface  and  Plate  to  trap  any 
of  Engineers*  Material  that  could  pipe  through  joint. 
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Completed  Plate  Installation  at  one  of 
the  Monolith  Joints,  17  Aug.  2004 


C°itPS 
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Failure  of  Plate  at  Monolith  Joint5/6  a 
Few  Weeks  after  Installation,  2  Sep.  2004 
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Close  up  View  of  Stainless  Steel  Plate  Showing 
Tearing  and  Bending  of  Plate,  2  Sep  2004 


Irc  All  Example  of  1/4-inch  diameter  jets  of  water 

11=11  observed  on  26  Jan  05  from  one  location  Joint 
of* EngTneers®38  2/3  and  from  3  locations  Joint  3/4 


C°itPS 
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Location 


Approximate  location  of  the  9 
holes  using  odd  numbers,  9 
through  17  or  1  through  9 
depending  on  either  looking 
upstream  or  downstream, 
respectively.  Even  number 
holes  were  used  to  verify  soil 
stabilization  between  primary 
injection  holes. 


of  grout  .holes 
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Theoretical  Cross  Section  of 
Stabilized  Soil  (Grout  Curtain) 


Assuming  that  grout  is  injected  at  the 
bottom  of  the  conduit  and  expands 
radially  from  the  injection  point.  For 
example  if  2.7  gallons  were  injected  at  a 
hole,  the  radius  of  the  hemisphere 
created  would  be  24. 5 inches. 

Assuming  0.15  cu.  ft.  voids/  cu.  ft.  of 
soil,  and  lgal  of  liquid  chemical  grout  ~ 
1  cu.  ft.  of  urethane  foam.  Therefore, 
volume  of  sand  stabilized  =  1/0.15  = 
6.67  cu.  ft 

Chemical  grout  being  injected  as  a 
hemisphere,  radius  =  3V(3V/27i); 

V=  2.7  gal  (6.67  cu.  ft./  gal) 


3V[(3)(18.0)/2jr]=  2.05  ft  =  24.5  inches 


(N  n  k 
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Table  2 


Pa 


(  °RPS  Of  ^ 


Monolith  Joints  or  Cracks,  14-23  February  2005 


Remedial  Effort 


T/l 

1/2 

2/3 

A(3) 

3/4 

4/5 

5/6 

B(6) 

6/7 

7/8 

8/9 

|  9/10  | 

10/11  | 

|  11/12  | 

12/13  | 

13/C 

A(3) 

C(5) 

Chemical  Grout  Take  per  hole  (gallons) 

0.7 

6.5 

8.0 

4.0 

2.7 

0.5 

1.8 

1.5 

0.9 

3.5 

3.5 

0.7 

0.5 

0.5 

0.7 

18” 

3 

0.5 

G 

G 

G 

0.5 

G 

G 

0.5 

G 

8.5 

4.0 

9.0 

1.5 

3.6 

4.5 

0.5 

0.5 

3.5 

3.6 

2.5 

1.5 

0.5 

18” 

0.5 

G 

6.3 

6.7 

0.9 

3.5 

0.5 

2.7 

5.5 

4.0 

3.6 

0.9 

8.5 

4.5 

1.5 

3.5 

3.0 

3.0 

3.5 

5.4 

4.5 

steel 

5 

4.5 

8.5 

5.0 

5.8 

0.5 

4.5 

4.0 

1.5 

0.9 

0.5 

3.5 

8.5 

4.5 

3.5 

2.6 

4.5 

1.5 

4.5 

steel 

1.5 

1.0 

G 

9.0 

5.0 

8.0 

8.0 

2.5 

4.0 

4.5 

4.0 

1.9 

3.0 

0.5 

3.0 

3.5 

3.0 

0.5 

4.5 

5.4 

13.5 

3.0 

G 

2.5 

5.0 

1.0 

4.5 

9.0 

4.0 

4.0 

6.7 

0.5 

0.9 

6.0 

4.5 

3.5 

2.6 

0.5 

2.5 

4.5 

steel 

5.0 

0.5 

7.0 

2.5 

0.5 

4.3 

2.5 

4.0 

0.5 

9.0 

2.5 

3.5 

2.5 

3.0 

3.5 

2.6 

4.0 

0.5 

4.9 

steel 

3.0 

G 

9.0 

0.5 

0.5 

0.5 

4.5 

13.0 

4.0 

1.5 

0.5 

1.9 

0.5 

2.5 

3.5 

0.5 

0.5 

0.5 

0.5 

4.5 

18” 

5.0 

G 

2.5 

G 

0.2 

G 

G 

G 

0.5 

0.5 

G 

G 

0.00 

0.5 

1.4 

1.0 

4.0 

0.5 

1.5 

4.0 

0.5 

0.9 

3.5 

0.9 

1.4 

0.9 

0.5 

0.5 

18” 

0..25 

3.6 

18.5 

46.2 

55.5 

36.0 

36.8 

44.5 

42.1 

22.4 

27.3 

29.5 

25.9 

21.0 

23.4 

17.4 

30.0 

13.5 

15.0 

26.2; 

490.0  gallons  ~  3267  cu.  ft  of  stabilized  sands 


41.25  ~  275 


Notes:  T  -  Transition  Monolith;  C- Chute  Monolith;  A(3)  is  crack  in  monolith  3;  B(6)  is  crack  in  monolith  6;  C(5)  is  crack  in  monolith  5; 
G  -  drilled  hole  at  this  location  and  chemical  grout  was  found  and  no  additional  chemical  grout  could  be  injected. 
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OUTLET  WORKS 

Constructed  in  1941 
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Drilling  of  Holes  during  Feb  2005.  Water  used 
to  remove  cuttings  from  holes  otherwise  bit 
would  become  locked  in  hole. 


1  WwW  ll  Washing  injection  tubing  into  drilled  hole. 

TopCor  Services,  Baton  Rouge,  LA,  personnel 
omigineere?8  performed  the  chemical  grouting. 


Placing  oakum  saturated  with  chemical  grouting  in 
annular  space  around  tubing  using  a  sere^f  driver  to  pack 


US  Army  Corps 
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the  oakum 


•••  *  V 


Oakum  saturated 
:  with  §rout 


# . 

. 


HF’' :  ■  ■ 


C°RPS  Of  ^ 


^^\\\ LL/:), 


lWMtWl|  Line  for  injection  of  chemical  grout  beneath 
|  ULm  jj  conduit  is  attached  and  grout  is  being 

ofSEngineersrps  injected.  Notice  light  brown  color  of  material 

above  tubing  is  water  and  unset  liquid  grout. 


C  °RPS  Of  ^ 
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f  tmmm 
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Chemical  grouting  has  setup  after  sealing  off  any 


voids  in  a  joint  or  crack  large  enough  to  allow 
ofSE*g7neere*ps  water  seepage  (0.02  in  width). 


C  °RPS  Of  ^ 
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Foundation  sand  being  pumped  at  monolith 
joint  T/l  by  gases  being  released  from 
chemical  grout  injected  at.  monolith  joint  2/3, 
50  feet  away,  prior  to  grouting  joint  T/l. 


]BHfl  Chemical  grout  has  been  measured  in  gallon 

usAmly  corps  bucket  and  catalyst  was  added  and  mixed  by 
of  Engineers*  hand.  Pouring  grout  into  bucket  so  that  it  can 

be  injected. 


C°£PS  Of  ^ 
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Pails  of  Hydro  Active  Grout  used  for  sealing 
joints  and  cracks  and  to  bind  foundation  sands 

,ps  together  beneath  the  conduit _ 


5  °£PS 


I  Cffc 


'3* 


lHySRt 


___'° ACTIVE  "GROUT 
tKjj  CiJl” 

----- Rei!, 


rtftef  ® 


Mflfl  Can  of  Hydro  Active  Cut  Catalyst  used  to  vary 
us  Army  corps  setting  time  of  chemical  grout. 

of  Engineers® 
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Drilling  holes  at  cracks  in  monoliths  3  &  5  during 
June  2005.  Holes  drilled  at  an  angle  of  45  to  60 


us  Army  corps  degrees  to  surface  to  intercept  cracks. 

of  Engineers®  „ 


C°RPS  Oft 


Crack  in  monolith  5,  the  grout  migrated  up  the/s 

us  Army  corps  crack  to  approx.,  9  o’clock  and  then  traveled  ff 
of  Engineers*  trough  a  zone  of  honeycombed  concrete.  Exited 

7  feet  downstream  of  crack 


CoRPS  OV  x  > 


Location 

grout 

exited 


Location  of 
injection  bf . 
gj?6ut  at  7:30 
o’clock 


Monolith  joint  4/5  showing  weeping  from 


i  J  construction  joint  on  left  side  of  conduit  when 

US  Army  Corps 

of  Engineers®  looking  downstream,  24  Feb  05 


C°itPS 


Construction 
*  Joint 


Grout 

Nipple 


Monolith  joint  4/5  showing  weeping  from  around 


grouj  nippie  on  right  side  of  conduit  when  looking 
ofSE*g7neere-ps  downstream,  24  Feb  05 


C°RPS 


1  WwW  ll  Crack  in  monolith  5  which  was  not  grouted. 

Seepage  at  2  feet  left  of  centerline  when  looking 

ofSE*g7neere-ps  downstream,  24  Feb  05 


C  °RPS  Of  ^ 
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■  W  ■ 
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r- t 

'  •  ..it?- 

, 


4  ji 


Location  of 
Seepage 


Monolith  joint  13/C  showing  a  good  seal  due  to  the 


^  alibis 
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chemical  grouting 
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Table  3 


Monolith  Joints  or 
Cracks 

Remarks 

Visual  Evaluation  of  Chemical  Grouting  on  24  February  2005, 

Day  after  Completing  the  Initial  Grouting 

T-l 

Minor  weeping  at  construction  joint,  right  side 

1/2 

Minor  weeping  at  construction  joint  and  at  grout  nipple  right  side 

2/3 

Minor  weeping  at  grout  nipple,  left  side  and  construction  joint  right  side 

A(3) 

Seepage  1  foot  left  and  2  foot  right  of  center.  Also,  bubbles  escaping  indicting 
chemical  grout  still  active. 

3/4 

Minor  weeping  at  grout  nipple  right  side 

4/5 

Minor  weeping  at  grout  nipple,  right  side,  and  at  construction  joint,  left  side 

Crack 
Monolith  5 

Not  grouted,  Seepage  2  feet  left  of  centerline  and  2  feet  right  of  centerline.  Flow 
increased  to  1  gallon  per  minute  from  the  invert  on  21  Mar  05. 

5/6 

Seepage  3  feet  left  of  centerline 

B(6) 

Seepage  2  feet  left  of  centerline 

6/7 

Minor  weeping  at  construction  joint  right  side 

7/8 

Good 

8/9 

Minor  weeping  4  feet  right  of  centerline 

9/10 

Minor  weeping  2  feet  left  of  centerline 

10/11 

Minor  weeping  2  feet  above  grout  nipple  on  right  side 

11/12 

Good,  damp  but  not  weeping 

12/13 

Good,  damp  but  not  weeping 

13/C 

Good 

NOTES: 

Damp  -  Concrete  surface  is  darker  than  surrounding  area  but  when  area  is  touched,  fingers  remain  dry. 

Weeping  -  Concrete  Surface  is  dark  and  reflective  and  when  touched,  fingers  will  be  damp. 

Seepage  -  Visually  can  see  water  movement  on  concrete  surface. 
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Table  4 


Monolith  Joints  or 
Cracks 

Remarks 

Visual  Evaluation  of  Chemical  Grouting  on  9  June  05, 

Day  after  Completing  Remedial  Grouting. 

T-l 

Damp  at  construction  joint,  right  side 

1/2 

Damp  at  construction  joint  and  at  grout  nipple  right  side 

2/3 

Damp  at  grout  nipple,  left  side  and  construction  joint  right  side 

A(3) 

Good,  bubbles  escaping  indicting  chemical  grout  still  active. 

3/4 

Damp  at  grout  nipple  right  side 

4/5 

Damp  at  grout  nipple,  right  side,  and  at  construction  joint,  left  side 

C(5) 

Good,  bubbles  escaping  indicting  chemical  grout  still  active. 

5/6 

Damp  3  feet  left  of  centerline 

B(6) 

Minor  weeping  form  crack  at  2  o’clock  and  10  o’clock 

6/7 

Damp  at  construction  joint  right  side 

7/8 

Good 

8/9 

Good 

9/10 

Good 

10/11 

Good 

11/12 

Good 

12/13 

Good 

13/C 

Good 

NOTES: 

Damp  -  Concrete  surface  is  darker  than  surrounding  area  but  when  area  is  touched,  fingers  remain  dry. 

Weeping  -  Concrete  Surface  is  dark  and  reflective  and  when  touched,  fingers  will  be  damp. 

Seepage  -  Visually  can  see  water  movement  on  concrete  surface. 
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Dale  A.  Goss,  P.E. 

Mississippi  Valley  Division 

Regional  I^inic^tl^Specialist  -  Concrete  and  Materials  Engineer 


US  Army  Corps  of  Engineers,  Vicksburg 
4155  East  Clay  St reet  T( E  D-G 

39183-3435 
Phone:  601-631-5640 
E-mail  npale.A.Goss@us.army.mn 
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■  TopCor  Services,  Baton  Rouge,  LA 

Jon  Gary  -  Project  Manager 

St  e  p  h  a  pMJPjJp  I  a  nits^en  a’j^Cre  w  Chief 

Van  Taylor  -  Crew  Chief 

■  Arkabutla  Lake  Project  Personnel 

|mVk1q|H>D,  ED-G,  ED-O,  ED-P,  ED,  C  & 
Project  Delivery 

■  Greenwood  Area  Office 

■  Inspectors  -  Noah  Vroman,  jay  Sims,  &  Al 
Hitchcock 


■:  STARLITE  BAR 
P  POOL 


from  Ohio  River  backwater  : 
1913,  1937,  1945 


Flooding  from  stoiffifland  flaslfjfl 
1958,  1959,  1964,  1971,  1996,  1998 


2001 


JUMY  bHinn 


u  H  ,J  ,J 
D  IlJJJJ 


-  Project  was  authorized. 

-  A  LCA  was  executed  with  the  Millcreek  Valley 
Conservancy  District  (MVCD)  to  construct  the  authorized 
project. 


1975  -  The  GDM  was  completed. 


1981  -  Construction  began. 


1991 


-  All  design  efforts  and  future  construction  were  suspended 
at  the  direction  of  the  Assistant  Secretary  of  the  Army 
(Civil  Works). 


1998 


-  Contributed  Funds  agreement  on  GRR  and  Cooperative 
agreement  with  MVCD  re  O&M  of  completed  sections. 


1981 


Construction 

Started 


1983  -  91 


Legend  -  Status  of  Work 

■i  Work  Completed 

Work  Required  to 
Complete  Original  Projei 


MILL  CREEK,  OHIO 


Flood  Damage  Reduction  Projec 
Bridging  Document 
Original  Authorized  Plan 


m  — *  flH 


■  Hazardous  Waste 

■  Railroads 

■  Industry  adjacent  to  creek 

■  Combined  Sewer  Overflows  (CSOs) 


■  Utilities 


WARDING 

COMBINED  SEWER  OVERFLOW 
<CSO| 

Jh*  multt  (kml-VS  ffOWl  l*t.*  P*P* 

►  -  ;  .if  i  gurtn  j  Of  fll1*f  ra-iSlO'Jn» 

Fof  rrtorf  sifomuHw  about  in*  CSO 
jn j  tilted  on  lh*  «iH'  quaifiy  ol 

out  ttfWAmt^id  rrrOr*,  call 

Metropolitan 
Sewer  District  (MSOJ 
(SOJ  352- 4900 
CSO  No, _ °>9 

proase  call  MSQ  arid  report  if 
water  is  flowin^jn  dry  weather. 


■  Millcreek  Valley  Conservancy  District  (MVCD)  -  Local  Sponsor 

■  Metropolitan  Sewer  District  of  Greater  Cincinnati  (MSD) 

■  Mill  Creek  Watershed  Council  (MCWC) 

■  Mill  Creek  Restoration  Project (MCRP) 

■  Ohio,  Kentucky,  Indiana  Regional  Council  of  Governments  (OKI) 

■  City  of  Cincinnati 

■  Cities  of  Sharonville,  Evendale,  and  Reading 


■  Ohio  EPA 


iiuiiJjj  uJ  I/ujOduu  ijiiijiyjJuJjJiJj'i; 


Flood  Control 

Water  quality  -  reduction  of  CSO’s 

Economic  viability  of  industrialized  area  -  no  loss 
of  tax  base 

Environmental  restoration 

Greenway  along  creek  with  hike/bike  paths 


Relocation 


Non-Structural 


Non-Structural  2A 


Non-Structural  3 


Channel  Modification 


Channel  Modification  2 


PMoodwall  &  Levee 

■  Deep  Tunnel 

■  Deep  Tunnel  2 


■  Deep  Tunnel  2 


Completes  the  1970  Authorized  Project 

■  Provides  protection  to  most  structures  within  the  1% 
chance  ( 1 00-yr)  flood  plain 

■  Utilizes  environmentally  sustainable  design  features 

■  Major  Features 

52  residential  structures  demolished 
69  commercial  structures  demolished 
Extensive  channel  modifications  in  Sections  6  and  7 
Floodwalls  and  levees  constructed  in  Sections  4B  and  5 
19  road  and  railroad  bridge  replacements 
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Consists  of  constructing  a  deep  tunnel  along  the 

length  of  Mill  Creek 

Provides  flood  protection  from  the  1  %  chance  (100  -year) 
flood  event 

Provides  capacity  to  store  CSOs  for  up  to  a  50%  chance 
(2 -year)  storm  event 

Locally  preferred  plan 

Major  Features: 

300+  feet  below  ground 
3 1  foot  diameter 
15.8  miles  long 

7  flood  water  drop  shafts  / 16  CSO  drop  shafts 
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Section  4B 


■  Construct  3  sections  of  floodwalls  and  levees  to 
protect  28  high  value  /  high  damage  facilities 

against  the  1  %  chance  ( 1 00-yr)  flood 

■  No  relocations  of  non-protected  structures 

■  Major  Features: 

30,700  LF  of  floodwalls  or  levee  constructed 
10  automated  gate  closure  structures  (road  and  railroad) 

6  pump  stations 

7,580  LF  of  channel  modifications  (Section  7  only) 


iVJlljOr 


2  road  closures 

8  railroad  closures 

6  pump  stations 

lP>  80  P orcliann  J| 
widening 


Mill  Creek  NS2A  Plan 


A 

0  0.15  0,3 _ 0.6 

Miles 


Co 


ri  Section  7B 

J  --  •-=:>'  . 

/ 


Legend 


Raised  Roads 

Streets 

Railroads 

Sections 

Buildings 

Primary  Road 

Stream 

Floodplain  IGOyr 
Closures 

Floodwall  or  Levee 


Section  7 A 


up-.1!  *_ 1  i 


Plan 

Initial  Cost 
(2004  price-levels) 

%  of 
Flood 
Damages 
Reduced 

Net  Annual  Benefits 

(2004  price  levels) 

Benefit- 

Cost 

Ratio 

NS-2a 

$99,235,000 

31% 

$10,358,000 

2.5 

CM-2 

$562,896,000 

98% 

$14,207,000 

1.4 

TU 

$1,563,505,000 

98% 

($26,379,000) 

0.7 
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Plan  CM-2  is  the  Federally  Supportable  Plan  especially 
since  it  is  the  National  Economic  Development  (NED) 
plan.  Plan  CM-2  reduces  approximately  98%  of  flood 
damages  along  Mill  Creek,  at  an  initial  cost  of 
$562,896,000. 


-  Recommend  that  further  Federal  efforts  on  this  project  be 
DEFERRED  until  such  time  as  the  local  sponsor  (MVCD)  or 
another  local  non-Federal  interest,  can  provide  the  necessary 
assurances  of  local  financial  capability  and  willingness  to 
support  project  implementation. 

-  If  assurances  of  financial  capability  are  provided, 
recommend  that  plan  CM-2  be  carried  on  to  final  design  with 
the  ultimate  goal  of  project  construction. 
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Completed  1948 

Crest  Length  4,225  feet 

Maximum  Height  154  feet 

Top  of  Conservation  Pool  Elevation  494  Feet 

Top  of  Flood  Pool  Elevation  567  Feet 
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Clearwater  Dam 
Pool  of  Record  -  May  2002 
Elevation  566.7 


Clearwater  Emergency  Spillway 
Pool  of  Record  -  May  2002 
Elevation  566.7 


Sinkhole  - 15  January  2003 


Clearwater  Dam  -  Sinkhole 


16  January  2003 
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Top  of  dam  elevation  608 
Top  of  Sinkhole  elevation  573 
Pool  elevation  496 
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Investigations  Prior  to  Grouting 


Performed  Geophysical  Surveys 

-  Kansas  Geological  Survey  -  surface  wave,  reflection 

-  Sonic  Drilling  -  6  borings,  50’  into  rock 

-  Bureau  of  Reclamation  -  crosshole  tomography 

-  ERDC  -  SP,  EM  conductivity,  ER 

Geotechnical  Consultation 

-  Dr.  Steve  J.  Poulos  -  GEI 

-  Analysis  Assistance  -  ERDC 

Prepared  Investigation/Grouting  Contract  P&S 

-  computer  monitored,  balanced/stabilized  grout 

-  awarded  to  Advanced  Construction  Techniques,  LTD. 
(ACT) 


FY  04-05  Grouting  Contract 


Nov  2003  -  ACT/Gannett-Fleming/Boart- 
Longyear  selected  as  contractor. 

Jan  2004  -  begin  Sonic  drilling  -  clay 
core/foundation  rock/dental  concrete  good. 

April  2004  -  begin  grouting. 

May  2005  -  completed  grouting  w/  modification 
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Clearwater  Dam  -  Sonic  Drilling 


Clearwater  Dam  -  Grout  Line 


Moderately  High  Lugeon 


Trend  Plots:  Grouting  Operation,  Stage:  AP'IO-Z 
Project  Name:  Clearwater  Dam  Sinkhole  Repair 
Start  Time:  2004709/13  07:36:4-2 
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41 

Gator  header  station  -  Cart  1  Tremied  IQ  gallons.  Packer  set  at  175'. 

API  0-7 

9/13/2004  07 

41 

Began  pressure  grouting  at  4  minutes. 

API  0-7 

0/13/2004  08 

IS 

Stage  complete. 

9/1  3/2004  06:22 
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Moderately  High  Lugeon 


Trend  Plots:  Grouting  Operation,  Stage:  AP10-7 
Project  Name:  Clearwater  Dam  Sinkhole  Repair 
Start  Time:  2004/09/13  07:36:42 


Moderately  High  Lugeon 
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9/13/2004  07:41 

Began  pressure  grouting  at  4  minutes. 
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Stage  complete. 
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High  Take  -  No  Pressure 


Trend  Plots:  Grouting  Operation,  Stage:  AP12-4 

Project  Name:  Clearwater  Dam  Sinkhole  Repair 


API  2-4 

7/7/2004 

tVl-otsj Le-B lue  Hoad or  Station  -  Cart  2. 

AP12-4 

7/7/2004 

Packer  set  at  145*. 

AP  I  2-4 

7/7/2004 

Stopped  art  approximately  2000  qallons  fbrtne  dev  as  agreed  upon  &v  ACT  and  COE. 
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7/7/2004 

Stscse  NOT  Complete, 

AP124 

7/7/2004 

Tremied  TO  pallons  from  time  O  to  1  minute.  1  in  fisted  packer  and  started  to  Re-Grout  at  2.5  minutes. 

7/7/2004  14:37  Page  i  of  i  Co nn e Mt  Fleming 


High  Take  -  No  Pressure 


Trend  Plots:  Grouting  Operation,  Stage:  API 2-4 
Project  Name:  Clearwater  Dam  Sinkhole  Repair 
Start  Time:  2004/07/06  07:18:44 
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Mobile-Blue  Header  Station  -  Cart  2. 

API  2-4 
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Packer  set  at  145'. 

API  2-4 

7/7/2004 

Stopped  at  approximately  2000  gallons  for  the  day  as  agreed  upon  by  ACT  and  COE. 

API  2-4 

7/7/2004 

Stage  NOT  Complete. 

API  2-4 

7/7/2004 

Tremied  10  gallons  from  time  0  to  1  minute.  Inflated  packer  and  started  to  Re-Grout  at  2.5  minutes. 
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A  -  Line  Closure  Analysis 

AP13  to  AP17  -  Elevation  390 
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Mean  Water  Lugeon  Values  Plot 

Line:  All ,  Hole  Series:  All ,  Hole  ID:  AP13  To  AP17 ,  Elevation:  390 
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A  -  Line  Closure  Analysis 
AP13  to  AP17  -  Elevation  390 


Mean  Grout  Take  Values  Plot 

Line:  All ,  Hole  Series:  All ,  Hole  ID:  AP13  To  AP17  ,  Elevation:  390 
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Location  of  Cavity  under  Core  Trench 


Core  Trench 
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Clearwater  Dam 
Major  Rehabilitation  Project 

•  PHASE  I  -  Full  length  of  dam,  close 
spaced  exploratory  drilling  and 
grouting. 

•  PHASE  II  -  seepage  cutoff  wall 
through  embankment  and  into  rock 
(design  dependent  upon  Phase  I). 


SPECIALTY  DRILLING,  TESTING,  AND 
GROUTING  TECHNIQUES  FOR 


ted  By:  pougl 


s  M.  Heenan,  P.Eng 
^Techniques,  Ltd. 
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Key  Elements  of  Dam  Remediation 
•  Central  Core 


Key  Elements  of  Dam  Remediation 


•  Central  Core 


•  Interface 


Typical  Cross  Section  of  Embankment  Dams 
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Key  Elements  of  Dam  Remediation 


Typical  Cross  Section  of  Embankment  Dams 
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Reason 

Why  Drilling  &  Grouting  Is  Used  For 
Remediation  of  Embankment  Dams 


Repair  Defects 


Typical  Defects  of  Embankment  Dams 

•  Sinkholes 


Typical  Defects  of  Embankment  Dams 
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Typical  Defects  of  Embankment  Dams 


•  SINKHOLES 


•  PIPING  /SEEPAGE 

•  DAMAGED  CLAY  CORE 


Typical  Defects  of  Embankment  Dams 


•  SINKHOLES 

•  PIPING /SEEPAGE 

•  DAMAGED  CLAY  CORE 


•  SEISMIC  SENSIVE  SOILS 


Typical  Defects  of  Embankment  Dams 


•  SINKHOLES 

•  PIPING /SEEPAGE 

•  DAMAGED  CLAY  CORE 


•  SEISMIC  SENSIVE  SOILS 


Typical  Defects  of  Embankment  Dams 
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Typical  Defects  of  Embankment  Dams 


•  SINKHOLES 

•  PIPING /SEEPAGE 

•  DAMAGED  CLAY  CORE 

•  SEISMIC  SENSIVE  SOILS 

•  DAMAGED  INTERFACE 


•  KARST  SOLUTION  FEATURES 


Typical  Defects  of  Embankment  Dams 
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Typical  Defects  of  Embankm 
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•  PIPING /SEEPAGE 

•  DAMAGED  CLAY  CORE 

•  SEISMIC  SENSIVE  SOILS 

•  DAMAGED  INTERFACE 

•  KARST  SOLUTION  FEATURED 

•  DEEP  SOLUTION  FEATURES 


USACE  Operational  Manuals  That 
Govern  Drilling  and  Grouting  Operation 

•  Procedures  for  Drilling  in  Earth  Embankments 
ER  110-1-1807 

•  Grouting  Technology 
EM  1110-2-3506 

•  Geotechnical  Investigation 
EM  1110-1-1804 

•  Soil  Sampling 
EM  1110-1-1906 


Types  of  Embankment  Drilling 

•  Sonic  Drilling 

•  Rotary  Drilling  with  Drilling  Fluid 

•  Cased  Auger 
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Sonic  Drilling 
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Cased  Auger  Drilling 


Cased  Auger  Drilling 
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Specific  Tests  of  Embankment  Dams 

•  Core  Integrity  Test  (C.l.T.) 

•  Interface  Integrity  Test  (I.I.T.) 

•  Foundation  Integrity  Test  (F.l.T.) 


Core  Condition  Chart 
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Overburden  Casing  Grouting 
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Interface  Condition  Chart 
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Sequences  of 

Drilling,  Water  Testing  &  Grouting 
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Probable  Solutions 
for  Karst  Solution  Features 


IMPERIVIOUS  FILL 
(CENTRAL  CORE) 

EARTH  FILL 

TAIL  WATER  EL. 


GROUT 

CURTAIN 


CEMENT  GROUTING 

EARTH  FILL 


POOL  WATER  EL. 


NATIVE  SOIL 


LIMESTONE 
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Solution  Feature  Remediation 

(Upstage  Casing  Extraction  (LMG  or  HMG) 

P2  PI  P3 


Solution  Feature  Remediation 

(Upstage  Casing  Extraction  (LMG  or  HMG) 
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KARST  SOLUTION 
FEATURE 


Solution  Feature  Remediation 

(Upstage  Casing  Extraction  (LMG  or  HMG) 


VI  V2  V  3 


Solution  Feature  Remediation 

(Downstage  Grouting  (LMG  or  HMG) 

PI  P2  P3 


Solution  Feature  Remediation 

(Downstage  Grouting  (LMG  or  HMG) 
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Solution  Feature  Remediation 

(Downstage  Grouting  (LMG  or  HMG) 
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Solution  Feature  Remediation 

(Upstage  Sleeve  Pipe  Grouting  (HMG) 


Solution  Feature  Remediation 

(Upstage  Sleeve  Pipe  Grouting  (HMG) 


Solution  Feature  Remediation 

(Upstage  Sleeve  Pipe  Grouting  (HMG) 
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Key  Elements  for 

Drilling  and  Grouting  Embankment  Dams 

•  Exploration 

-  Site  Characterization 

•  Execution 

-  Grouting  Method 

•  Verification 
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Bluff  recession  along  Lake  Michigan’s  Coast 
causes  substantial  property  loss  annually. 

Recession  rates:-  1  to  2  ft/yr  at  study  site  over 
the  past  135  years. 

Engineered  structures  consistently  fail  to  deter 
erosion: 

•Typically  designed  to  prevent  toe 
erosion,  while  precipitation  and 
groundwater  discharge  from  the  bluff  face 
may  be  the  governing  factor  in  bluff 
failure. 


Bluff  Stabilization  -  Lake  Michigan’s  Coast, 

Allegan  Co.  Michigan 


Bluff  Stabilization  -  Lake  Michigan’s  Coast, 

Allegan  Co.  Michigan 
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Phase  I  -  Monitoring 

Study  at  Allegan  County,  Miami  Park  South 
•Through  long  term  (8  years)  monitoring 
correlations  were  made  between  bluff 
displacement  and  climate. 


Bluff  Stabilization  -  Lake  Michigan’s  Coast, 

Allegan  Co.  Michigan 
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Bluff  Stabilization  -  Lake  Michigan’s  Coast, 

Allegan  Co.  Michigan 
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Conclusions  of  monitoring 

1996  to  2002 


I 

I 

O 

N 


•High  lake  levels  contributed  to  magnitude  of  earlier 
displacements  (pre  1999). 

•Bluff  movements  O  rises  in  perched  water  levels 

•Rises  in  perched  water  tables  &  pore  pressures  O 

bluff  face  freezing. 

•Wave  erosion:  removal  of  displaced  materials  => 
more  slumping. 

•Continued  slumping  despite  little  toe  erosion 
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Bluff  Stabilization  -  Lake  Michigan’s  Coast, 

Allegan  Co.  Michigan 


Phase  II  -  Dewatering  the  site 
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•Developed  plan  to  dewater  with  pumps  in  vertical 
wells  &  passive  horizontal  wells  drilled  into  bluff 
face 

•Plan  included  instrumentation  of  slope  for  remote 
monitoring  of:- 

•displacement 

•  groundwater  levels 

•ground  temperatures 

•atmospheric  conditions 

•bluff  face  freezing 
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Bluff  Stabilization  -  Lake  Michigan’ s  Coast, 

Allegan  Co.  Michigan 
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Bluff  Stabilization  -  Lake  Michigan’s  Coast, 

Allegan  Co.  Michigan 


•  Three  recognized 
potentiometric 
surfaces 

-  Deep  (extension  of 

lake  level 

-  Intermediate 

(perched) 

-  Shallow  (perched) 

(after  Montgomery, 
1998) 
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Bluff  Stabilization  -  Lake  Michigan’s  Coast, 

Allegan  Co.  Michigan 
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Phase  II  -  Dewatering  the  site 

MPS  Well  Discharge 
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Bluff  Stabilization  -  Lake  Michigan’s  Coast, 

Allegan  Co.  Michigan 
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Bluff  Stabilization  -  Lake  Michigan’s  Coast, 

Allegan  Co.  Michigan 


Effect  of  Water  Removal  on  local 
Displacements-dewatered  site 


Bluff  Stabilization  -  Lake  Michigan’s  Coast, 

Allegan  Co.  Michigan 


Effect  of  Water  Removal  on  local 
Displacements-control  site 


Bluff  Stabilization  -  Lake  Michigan’s  Coast, 

Allegan  Co.  Michigan 


Conclusions  of  first  year’s 
dewatering  efforts 


•After  bluff  face  froze,  groundwater  flow  direction  changed 
periodically 

•Horizontal  passive  wells  not  as  effective  as  vertical  active 
wells. 

•Mean  shear  displacement  in  wells  on  dewatered  site  was 
about  2.83  in.  per  well 

•Mean  shear  displacement  in  wells  on  control  site  was  about 
11.50  in.  per  well 

•Removal  of  perched  groundwater  during  the  2004-05 
winter  spring  cycle  created  a  three  times  more  stable  bluff 
than  at  control  site 

•Repeated  experiments  between  now  and  2009  will  test 
repeatability  of  2004-05  results 


Bluff  Stabilization  -  Lake  Michigan’s  Coast, 

Allegan  Co.  Michigan 


Future  Work-development  of 
knowledge-based  data  base  system 


Bluff  Stabilization  -  Lake  Michigan’s  Coast, 

Allegan  Co.  Michigan 
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Chicago  Underflow  Plan  -  CUP 
McCook  Reservoir  Test  Grout  Program 
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Project  Description 


•  Flood  control/CSO  reservoir 

•  Captures  CSO  from  Chicago  and  37  suburbs 

•  Routed  through  Mainstream  and  Des  Plaines 
Tunnels  and  Stickney  Plant 

•  2  Stages  -  21,(100  acre-ft  (7B  gallons) 

•  300  ft  deep  (50  ft  soil,  250  ft  rock) 

•  Operational  -  2010  (?) 

•  Project  Completion  -  2012 


Reservoir 

Site 


US  Army  Corps 
of  Engineers 

Chicago  District 


Project  Overview 
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Local  Sponsor  -  MWRDGC 

Protecting  Our  Water  Environment 


Metropolitan  Water  Reclamation  District  of  Greater  Chicago 
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110  miles  of  tunnels 
within  system 
beneath  Chicago  and 
surrounding  suburbs 


/////ww//// 


LEGEND 


75-21 3-2H 
JTTUECAL  LEO 
$19QMr  7.7  ML 


TULI-JEL  -  COMPLETED 


TUNNEL  -  UNDER  CONST  RUQTlQN 


TUNNEL  -  FUTURE 


STORAGE  RESERVOIR  PHASE  II.OJP 
COMPLETED  (BY  U5AO.E.) 


STORAGE  RESERVOIR  PHASE  1/CUP 
UNDER  CONSTRUCTION  (BY  US  AG  E) 


□  WATER  RECLAMATION  PLANT 
0  PUMPING  STATION  (ON-LINE) 

0  PUMPING  STATION  (UNFUNDED? 


CALUMET  SYSTEM 
*74 1M.  36,5  Ml. 


J-  axt*  count?  / 


US  Army  Corps 
of  Engineers 

Chicago  District 


Groundwater  Schematic 


Grout  Curtain  Design 

of  Engineers 

Chicago  District 

Design  parameters  under  consideration: 

■  Drilling  Method 

■  Hole  Size 

■  Hole  Inclination 

■  Hole  Spacing 

■  Grouting  Method 

■  Grout  Mix  Design 


US  Army  Corps 
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Test  Grout  Curtain  Design 

Contractual  vehicle 

•  Best- Value  Contract  -  RFP 

•  Technical  Factors  Outweigh  Cost 

Technical  Evaluation  Criteria  are  Critical 

•  Too  tight  and  no  one  qualifies,  too  vague  and  everyone  qualifies 

•  Technical  Approach 


•  Computerized  System,  Drilling  Approach,  Grouting  Approach 

•  Experience 

•  Equipment 
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Test  Grout  Curtain  Design 


Contract  Details 


■  Value  Based  Contract  -  not  traditional  “Low  Bid” 

■  Contractor-Proposed  methods 

■  Base  Bid  +  Option  (if  executed) 

■  Base  Bid  -  2  parallel  legs  of  curtain 

■  Option  -  Optional  section  to  be  drilled  using  one  of  the 
two  methods  demonstrated  in  Base-Bid 

■  Cost  driven  by  drilling  -  up  to  130,000  linear  feet: 

♦  10,000  linear  feet  overburden  (base-bid) 

♦  16,000  linear  feet  overburden  (optional  phase) 

♦Appr.  50,000  linear  feet  rock  drilling  (base  bid) 
♦Appr.  67,000  linear  feet  rock  drilling  (optional  phase) 
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Design  Issues 


•  Alignment  -  double-row  curtain  vs.  single  row 

•  Drilling  Method  (Water  DTH  and  Rotary) 

•  Mix  Design  -  Balanced-Stabilized  Grout 

•  Permits  high  solids/water  ratio  with  lower  viscosity 

•  Include  demonstration  of  Ultra-fme/Micro-ftne  cement 

•  Computer  Control  of  Grouting 


Test  Grout  Curtain  Design 
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US  Army  Corps 
of  Engineers 

Chicago  District 

•  Two  double  row  test  grout  curtain  sections 

•  1  for  testing  of  percussion  and  1  for  rotary  drilling 

•  “Chain  link  fence”  or  “lattice”  array  -  rows  oriented  opposite 
each  other 

•  Parallel  sections  with  similar  geologic  and  joint 
orientations 

•  Each  200-ft  long,  15-ft  wide 

•  Grout  holes  angled  15°  from  vertical,  7.5  ft  from 
centerline  of  cutoff  wall  on  each  side 


«  Primaries  40-ft  apart  -  split  spacing  down  to  5tft 
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Design  (continued) 


•  Fully  automated  (computerized)  grouting  control  and 
monitoring 

•  Demonstration  section  (10-ft  rock  grouting  below 
overburden-rock  interface) 

•  Verification  boreholes  (before  and  after) 

•  Rock  coring 

•  Borehole  camera  logs 

•  Max,  allowable  deviation  <  0.5  inch  per  foot  (inclined) 
measured  by  precision  instruments 
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Design  (continued) 


•  Primarily  upstage  (bottom  up)  grouting 

•  Downstage  grouting  for  top  10-ft  and  zones  of  lost 
circulation 

•  Grout  mix  -  balanced-stabilized  mix,  adjusted  based  on 
“Apparent  Lugeon”  value 

•  Criteria  -  no  take  for  5  min.  at  max.  pressure 

•  Expected  closure  =  1  Lugeon  or  less 

•  (1  Lugeon  =  1.4  x  E-5  cm/sec) 

•  Optional  section  (~  800  ft) 

•  Lessons-Learned  Report 
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Construction 


•  Contractor:  Advanced  Construction 
Techniques  (ACT)  /  Gannett-Fleming 

•  Started  in  January  2003 

•  Pad  construction  completed 

•  Intelligrout™  System  Setup 

•  Drill  Rig:  Cubex-Wassara  -  Water  driven, 
down-hole  hammer 


•  Grout  Plant:  Fully  automated  (ACT«Thiessen) 
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Full-Scale  Test  Layout 
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Site  Access  and  Curtain 
Alignment 


Unusually  good  access 


Contractor  paved  surface  IISPST 
to  assist  alignment  of  drill  BIS 
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Drill  Rigs 


JKS  Boyles  Rig  -  HQ  diamond  tooling 


Cubex-Wassara  Rig  -  4-inch 
Water-actuated  down-hole- 
hammer  n 
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Grout  Plant  -  ACT 
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Self-contained  mobile  plant  and 

control  center  "L. 
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Batching  and  Mixing 


700 
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danger 


WATCH  YOUR 
^ ANDS  AND 
JiNGERS 


Tanks  designated  by  mixes  and  components 
Mixes  checked  for  viscosity  and  sp.  Gravity 
Flow  measured  by  magnetic  flow  meteRs 
Mixing  tanks  equipped  with  load  cells 
to  monitor  flow  and  supply  I  pJ 
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Pumps  and  Control  Panel 
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Self-contained  Mobile  Grout  Buggy  with 
Flexible-Line  Packer  Assembly 


•  Constant  in-line  volume 


.  •  • 


•  Highly  portable 

•  I  nsulated  lines 

•  Additional  flow  meter  for  Q/C 
at  borehole 
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IntelliGrout  System 


•  Real-time  monitoring  and  controls 


•  Continuous  data  acquisition 
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Summary 


•  Complete  Test  Grout  Construction  in  2004 

•  Option  section  deleted  due  to  funding  shortfall 

•  Lessons-Learned  Report 

•  Combined  with  groundwater  model  for  design  of 
groundwater  control  system 


•  Complete  Design  for  Entire  Perimeter 
(7,500  ft  Stage  1  and  6,000  ft  Stage  II)  begin 
2005 
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Lt  Summary 

Lessons-Learned 

No  detrimental  effects  on  borehole  quality  by 
using  down-hole  water  hammer 

1.0  Lugeon  achievable  at  the  site 

Computer  system  grouting  advantages  are 
essential  for  project  of  this  scale 

Balanced-stabilized  mixes  improve  grout 
effectiveness 
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Summary 


Lessons-Learned  Report  Combined  with 
Comprehensive  Groundwater  Model 

•  Full-perimeter  double-row  grout  curtain 

•  Curtain  grouted  to  shale  unit  below  base  of  reservoir 

•  Opposing  orientation  of  double-rows  for  improved  closure 
•1.0  Lugeon  target  closure  criterion 


US  Army  Corps 
of  Engineers 

ch^go  Distnc  Questions/Comments/F  eedback?  ?  ? 


Joseph  A.  Kissane,  P.G. 
CELRC-TS-DG 
111  N.  Canal  St.  Suite  600 
Chicago,  IL  60606 
(312)  846-5453 

joseph.a.kissane  @  usace.army.mil 
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Armor  Stone  Durability 
In  the  Great  Lakes  Environment 


Joseph  A.  Kissane,  P.G. 
District  Geologist 
Geotechnical  Branch 
US,  Army  Corps  of  Engine^ 
Chicago  District 


CELRC-TS-DG 
111  N.  Canal  St.  Suite  600 
Chicago,  IL  60606 
(312)  846-5453 

j  oseph.a.kissane  @  usace.army.mil 
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Sources  of  Stone  Recently  Used  in  Chicago  District 

V  alders  and  Hay  ton,  WI  -  dolomite 


Sudbury 


WISCONSIN 


reem  Bay 


Milw^uk 

^ ' 

Cfrter. 
Rapids 


Lansing 


Des 

Moines 


'  C*  . 

Columbus 


INDIANA 


'  tihartesfcujri 

.  Becfcl 

Lexingtorf- , 


MISSOURI 


Evansville 


of  Engineers 

Chicago  District 


Little  Current,  Ont.  -  quartzite 


Wausau,  WI  -  blasted 
and  drilled/split  granite 


Waterloo,  WI  -  quartzite 


Bloomington  area,  IN 
cut  limestone 


Ste.  Genevieve,  MO 
blasted  limestone 
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Stone  Types 


A-Stone:  Large  Stone  in  Direct  Contact  with  Water 
B-Stone:  Underlayer  Stone  -  Transitional  Layer 
C-Stone:  Bedding  Between  Foundation  and  B-Stone 
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Stone  /  Rock  Types  Used  in  the 
Chicago  District 


•  Cut  Limestone  Blocks  -  Early  1900s  to  present 

•  Blasted  Limestone  and  Dolomite  -  1960s  to  present 

•  Blasted  Quartzite  -  Early  1990s  to  present 

•  Blasted  Granite  -  Late  1990s  to  present 

•  Drilled  and  split  granite  -  2005 


23 


2004 


Used  initially  in  “Laid  Up  structures 


Later  used  in  rubble  mound  and  as  capstone 


Blasted  Quartzite 
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Blasted  Granite 
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Drilled  and  Split  Granite 
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Stone  Materials  Specifications 

Great  Lakes  Stone  Team  in  late  1990s  to 
address  inconsistencies 


Representatives  of  3  Districts,  Local  Sponsors  and  Industry 
Developed  Great  Lakes  Armor  Stone  Guide  Specification 


Laboratory  Criteria  Based  on  Concrete  Aggregate  Tests 


Visual  Criteria  Subject  to  Some  Discretion 


On-Site  Meetings  at  Sources  to  Establish  Mutual  Understanding 


Use  of  Reference/Index  Stones  at  Quarry  to  Display  Features 


US  Army  Corps 
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Laboratory  Test  Criteria 


Test 

Test  Method 

Acceptance  Criteria 

Specific  Gravity3/ 

ASTM  C  127 

2.6  -  3.0 

Absorption172 

ASTM  C  127 

<  1  percent  and  >  3 
percent 

Los  Angeles 
Abrasion 

ASTM  C  535 

<  20  percent  loss  after 

500  revolutions 

Freeze-Thaw  1/2 

ASTM  D  5312 

<  2  percent  loss  after  35 
cycles 

Wetting-Drying  1/2 

ASTM  D  5313 

<  2  percent  loss  after  80 
cycles 

Petrographic 
Examinat ion 

ASTM  C  295 

No  deleterious  materials 

allowed 

Field  Examination 

ASTM  D  4992 

No  deleterious  materials 
allowed 

YfwW 
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Visually  Identified  Criteria 

“...quality  to  insure  permanence  of  structure  in  the  climate  in  which  it  is  to 

be  used . free  of  features  which  may  tend  to  increase  deterioration  from 

natural  causes  or  breakage  during  handling,  transportation,  or  placement .  ” 

Vugs:  Less  than  5%  of  exposed  surface  area  exhibiting  vugs,  and  vugs  shall 
not  be  aligned  along  bedding  planes.  No  vugs  greater  than  4-inches  in 
diameter. 

Stylolites  shall  not  exhibit  gaps,  separation  or  clay  mineralization  or  appear 
likely  to  separate. 

Dimensional  aspect  ratio  3:1  based  on  measurements  of  3  mutually 
perpendicular  axes  when  represented  within  a  rectangular  “box”  orientation. 
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No  fractures  or  bedding  planes  that  appear  likely  to  cause  failure 
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us  Army  corps  Factors  That  Impact  Armor  Stone  Durability 

of  Engineers 

Chicago  District 


•  Environment  and  Climate  -  Nature  of  Project 

•  Above  or  Below  Water  Placement 

-  Prefer  no  distinction  in  acceptance  criteria  to  avoid  confusion  in  field 

-  Contractors  unlikely  to  charge  less  for  lower  quality,  so  why  lower 
standards? 

•  Production  Methods 

Cut  Stone  -  Oolitic  Limestone  and  Sandstone 
Drilled  and  Split  Stone 
Blasted  Stone 
Curing  and  Aging 


Factors  That  Impact  Armor  Stone  Durability 

of  Engineers  Cont’d 

Chicago  District 

•  Rock  Type 

-  Sedimentary  rock  has  inherent  anisotropy 

-  Carbonates  (and  any  sedimentary  rock)  vary  based  on 
depositional  environment.  Carbonates  are  often  most  readily 
available 

-  Meta-quartzite  has  uniform  mineralogy  and  crystalline 
intergrowth 

-  Granite  includes  variation  in  mineralogy  and  crystalline 
intergrowth 


US  Army  Corps 
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Factors  That  Impact  Armor  Stone  Durability 


Cont’d 


Discontinuities,  etc. 


Fractures  -  mechanically  caused  by  excavation  methods 

Joints  -  naturally  occurring  as  a  consequence  of  lithification  and  stresses 

Bedding  -  separation  planes  and  clay  or  oxidized  minerals  along  bedding 

Stylolites  -  suture-like  features  formed  in  conjunction  with  pressure  dissolution 

Micaceous  or  mineralized  zones  -  biotite,  sericite  and  clay  minerals  are  weaker 
than  surrounding  rock 


Vugs  -  discontinuous  voids  or  bubbles  in  rock  mass 
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Fractures 


Small  fractures  require  careful  inspection  to  detect 


May  require  wetting  stone  to  aid  visibility 
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Discontinuous  fractures  of  no  consequence 


mm 


■■V  V 


>'  -■ 


■Ofc 


\  -  , . 


% 


'1 


If 


U 


T\  *£- 


I 


r 


i  *  /, 


**  c 


•V. 


k 


Joints 
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Often  detected  during  quarrying 


May  worsen  with  exposure 
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May  or  may  not  be  a  problem 

May  represent  failure  surfaces 

May  be  more  durable  than  surrounding  rock 
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Micaceous  /  Mineralized  Zones 
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Clay  along  joints  or  bedding  planes 
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Diseminated  softer  minerals  may 
cause  fracturing  during  handling 
and  placement 
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Factors  That  Impact  Armor  Stone  Durability 

Cont’d 

Transportation,  Handling  and  Placement 


US  Army  Corps 
of  Engineers 

Chicago  District 


Quality  Control  and 
Quality  Assurance 


•  Shift  from  intensive  Government  Inspection  (QA)  to 
Contractor  QC 


•  Training  and  qualifications  of  Contractor  QC  personnel 

•  Training  and  technical  support  (Design  and  A/E)  for 
Government  QA  personnel 

•  Quarry  visit  to  establish  acceptance  criteria 

•  QC  oversight  during  quarrying,  selection  and  transportation 


•  QA  oversight  throughout 


US  Army  Corps 
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Quarry  Visits  to  Establish  Acceptance  Criteria 


•  Resolve  misunderstandings  early 

•  Document  agreements 


us  Army  corps  Ongoing  Investigations 

of  Engineers  o  o  O 

Chicago  District 

Monitoring  of  Completed  Coastal  Projects  -  MCCP 


•  1994-1998  study  of  armor  stone  in  Great  Lakes  region 

•  Included  investigations  in  laboratory,  quarries  and  project 
performance 

•  4  Structures  in  Lake  Michigan  and  one  in  Lake  Erie 

(Chicago  Harbor,  Calumet  Harbor,  Burns  Harbor,  Calumet 
Harbor  CDF,  and  Cleveland  Harbor) 


Monitoring  Report  produced  in  2004-2005  summarizing 
results 


WwW 

us  A  my  corps  Ongoing  Investigations 

of  Engineers  o  o  O 

Chicago  District 

Monitoring  of  Completed  Navigation  Projects  -  MCNP 

•2005  -  2010  study  of  armor  stone  durability 

•  Includes  investigations  in  laboratory,  quarries  and  project 
performance 

•  3  Structures  in  Great  Lakes  -  Lake  Michigan,  Lake  Erie  and  Lake 
Superior 

(Burns  Harbor,  IN;  Cleveland  Harbor,  OH  and  Keweenaw  Harbor,  MI) 


Study  of  factors  in  durability,  effects  of  scale  on  laboratory 
tests,  develop  guidelines  for  selection  criteria,  possibly 
develop  testing  protocols  and  guidance  documents 


Questions,  Comments,  Feedback??? 
(please  don’t  throw  stones) 
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Joseph  A.  Kissane,  P.G. 
CELRC-TS-DG 
111  N.  Canal  St.  Suite  600 
Chicago,  IL  60606 
(312)  846-5453 

j  oseph.a.kissane  @  usace.army.mil 


August  4,  2005  ISC  Conference  St.  Louis,  MO 


Small  Project,  Big  Stability  Problem 
The  Block  Church  Road  Experience 
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Jonathan  E.  Kolber,  P.E. 


Geotechnical  Engineer 
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Outline 


Introduction 


Local  Soils  and  Geology 
Town  of  Amherst  Study 


The  Block  Church  Road  Proj  ect 


Other  Impacts  to  Infrastructure 


Lessons  Learned 
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Past  Buffalo  District  Small  Projects 

•  Streambank  erosion 

•  Simple  -  no  geotechnical  issues 

•  Rip  rap  design 

•  Short  time  frame  from  initiation  to 
completion  (<  3  years) 

•  1 00%  federal  funding 

•  Successful  over  design  life 
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2S8  Lake  Dana-Lundy  Stage  1 


WILLIAMS  VILLE 


AMHERST 
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2S8  Lake  Dana-Lundy  Stage  2 


Geo-X-section 
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TOWN  OF  AMHERST 

SOILS  AND  RESIDENTIAL  FOUNDATION  STUDY 


Prepared  For: 

Town  of  Amherst 
5583  Main  Street 
Williamsville,  NY  14221 

Prepared  By: 

U.S.  Army  Corps  of  Engineering 
1776  Niagara  Street 
Buffalo,  New  York  14207 
Phone:  (716)  879-4398/4145 
Fax:  (716)  879-6305 
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I-OCUS:  AMHERST  PROPERTIES 

Over  1,000  homes  sinking,  Amherst  official  tells  state 


_ 

a  dn!le?,5e'pe,r'  boxe$  a  5011  EamP,e  *>™  25  tea  down  or,  a  propor.edXSrst 
Brian  Fuller,  a  dniler  with  SJB  Services,  readies  the  ng  ter  another  sample  ^  9  5JIe 
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Advocates  to  press  for  housing  moritorium 

on  momtorim 
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Amherst’s  soft  soil 

Subsoil  as  mushy  as  chocolate  frosting  or  peanut  butter  may  be  a  key 
to  the  ‘'sinking  homes”  problem  in  Amherst — and  may  help  explain 
the  millions  of  dollars  needed  to  fix  the  damase 
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Soft  Lacustrine  Clays,  Commonly 
Described  as  “Peanut  Butter” 
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Geotechnical  Properties  of  the  Soft  Clay 

N  =  0  blows/foot  w  =  50% 

LL  =  50-60  PL  =  25  PI  =  25-35 
Unit  weight  (total)  =110  pcf 
Unified  classification  CL  or  CH 
Maximum  shear  strength  =  300  psf 
Remolded  shear  strength  =  50  psf 
Sensitivity  2-6.5 
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BLOCK  CHURCH  ROAD 
RIPRAD  REVETMENT 

TOWN  of  RQYAUON,  NEW  YORK 
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US  Army  Corps 

Buffalo  District  Block  Church  Road  Summary 

•  Recon  1 992 

•  Preliminary  design  1 994 

•  Draft  plans  and  specs  1998 

•  Final  plans  and  specs  2003 

•  Construction  began  9/15/2003 

•  Slope  failure  9/25/2003 

•  Remedial  design  2004 

•  Remedial  construction  2004 
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Block  Church  Road  Summary 

(continued) 


Original  cost  about  $1/4  million 


Final  cost  about  $3/4  million 
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Pre-Project  Conditions  (Low  Flow) 
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Pre-Project  Conditions  (High  Flow) 
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Original  Design  Section 

TYPICAL  SECT I  ON  ( STA.  0+70  TO  STA.  1+10) 


SCALE:  1"  -  10' 
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Slope  Stability  Analysis 
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Slope  Failure 
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Factors  Which  Contributed  to  the  Block 

Church  Road  Failure 

•  Long  time  frame  between  start  and 
finish  of  project  (11  years) 

•  No  construction  sequence  specified 

•  Non-free-draining  backfill 

•  No  pre-construction  meeting 

•  Lack  of  understanding  the  mode  of  failure 
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Slope  Stability  Analysis  (Back- 
Figure  Shear  Strength  at  Failure) 
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Remedial  Design  Section 
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Completed  Project 


O  ' 


A 


r;. 


if&SSiSfc  s&se 


WwW 

arm 
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““US*  Additional  Impacts  -  Infrastructure 


The  Original  erosion  was  spotted  an  the  west  ban-L  Tuesday  by  Jim  Argo 
deputy  auperinlendenl  ol  the  Highway  DeparimenG. 


ul  have  never  seen  anything  like  Vr% al  before,'  Argo  said.  alE  waa-  a  sight  f 
first,  I  saw  pne  iree  standing  in  :he  middle  ol  the-  cmial  ther  tney  ■=:  :J  ~ 
fram  the  east.* 


*  —  ■  nt  wancfr.ng  paoi  nr  "ran iw«naa  qn*  Qroarim.  e *cvaE«.  Jit  U.  S-  Corps  of  Erjjii^erj  i% 

uQtfctr i flirted  qlwwintifmw  in  ibe  TOwn  nr  L-p*-:*-  tflfluaLs  u, 'iiscsjLna.  ttit  daibOKC.  Mo 

rt  ThiUTfHfl^j-  *rL€TmKm ,  but  the-  tamillcs,  *>f  -  c n  j i._ r b-  i*>rre  XEportBd, 


"Ovbt  the  Iasi  2A  hours.,  the  whale  olher  bank  caved  in,"  said  Jett  SlOwC 
town  highway  superintendent.  “A  series  of  dikes  saved  in." 


Erie  County  Legislator  Michael  H. 

Ranzenh&fer  {R-Cla.renoej  and 
Town  cf  Clanance  Supervisor 
Kathleen  E_  Ha  Nock  announced 
today  that  they  will  Ibe-  seeking 
the  assistance  of  all  levels  or 
govern  merit  in  order  to  repair  the 
fallen  section  of  road  on 
Tonawanda  Creek  Road. 

"We  will  be  utilizing  Town,  County,  State  and  Federal  resources 
In  order  to  implement  a  course  of  action  regarding  this  section  c 
Tonawanda  Creek  RoadrM  Sard  RanzenhoFer^  who  pointed  out 
that  a  Similar  Instance  had  occurred  in  199i  approximately  1  ^ 
miles  ftom  the  current  collapse.  "We  are  seeking  the  advice  of 
the  engineers  from  the  Erie  County  Department  of  Public  Works 
and  the  Clarence  Highway  Department  on  how  ta  proceed." 


PENDLETON  —  About  1O0  yards  Of  the  Ene  Barge  Canal  banks  sSd  imbe 
the  canal  over  the  last  IwO  days,  which  COUld  postpone  the  boating  seas* 
on  the  hialcric  waterway. 


Canal  banks  collapse  in  Pendleton 

By  Bill  Wole 015  /  bwQlcob@qnnewapapei.com 

Friday,  April  00,  2QI>5 


The  major  erosion  occurred  ancjfc  a  hall-mile  from  the  Ship'm'Shore 
Ffeestautfanl  near  Tonawanda  Creek  Road.  Aboul  25  ireos  thal  were 
standing  on  me  east  bank  are  now  floating  or  standing  upright  In  ihe  mid 
■ol  the-  oanal.  -Some  ash  and  willow  trees  are  about  30  foet  above  water 
level. 
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CharJtf’fl  I^^i^BipITab  News 

Closed  fdr  repairs:  Town  officials  believe  ground  water  pushing  nut  clay  soil  may  have  buckled  and  broken  this  stretch 
ofTonawanda  Creek  Road  in  Clarence.  A  150 -foot  section  of  the  road ,  at  the  northeast  edge  of  the  town,  began  collapsing 
Friday,  forcing  at  least  two  families  to  evacuate  their  homes 
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Potential  Future  Projects 

Niagara  County: 
Minnick  Road  Section  14 


Erie  County: 

Hopkins  Road  Section  14  (5  slides) 
Burdick  Road 

Tonawanda  Creek  Road  (2  sites) 
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Our  main  partner  in  future  projects  of 
this  type,  Erie  County,  is  going  through 
tough  fiscal  problems  these  days . . . 


US  Army  Corps 
of  Engineers 

Buffalo  District 


COUNTY  TOILET  PAPER  ARRIVES 


Hosted  by:  Judy  Wchngwsltj,  Producer 
Creeled:  3/23/2005 1 1;  1 2:27  AM 
Updated:  3/24/200$  4;1 4'38  PM 


1 4^00  mega  rolls  of  toilet  paper  were 
delivered  to  the  Rath  Building  this 
morning. 


The  toilet  paper  was  donated  by 
Pfoeior  and  Ga ruble.  The  company 
heard  about  the  restroom  supply 
shortage  at  the  Rath  Building  and 
decided  to  make  the  donation. 

Erie  County's  Budget  crisis  made 
national  news  because  of  a  shortage 
of  supplies  at  the  Rarh  Building. 

The  donated  toilet  paper  is  worth  an 


Ha*ry  Scull  Jr./BuffaJo  News 

&ifi  County  is  so  financially  strapped  that  it  Accepted  a  truckload  of  donated  toilet  paper, 
Iwing  unloaded  here  by  Jim  Oilman,  head  janitor,  yeti**  'm't  increased  properly  taxes. 
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Lessons  learned 


•  Adverse  geology  has  complicated 
matters 

•  Need  to  be  careful  before  making 
future  project  commitments  which 
are  partnered/cost-shared 
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•  Long  time  frames  (>  5  years)  from 
initiation  to  completion  of  small 
projects  are  not  conducive  to 
success 


Lessons  Learned  (continued) 


Small  projects  with  big  geotechnical 
issues  are  no  longer  small  projects 
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Contact  Info  for  J.E.  Kolber 


US  Army  Corps 
of  Engineers 

Buffalo  District 


ionathan.e.kolber@usace.army.mil 
Telephone  (business)  716-879-4165 
Telephone  (home)  716-833-6233 
Emergency:  Peg  Kolber  (home) 


Fax  716-879-4355 


•  Address  (business)  1776  Niagara 
Street,  Buffalo,  NY  14207 

•  Address  (home)  133  Glenhurst 
Road,  Tonawanda,  NY  14150 


Determination  of  Foundation 
Rock  Properties  Beneath 

Folsom  Dam 


Michael  K.  Sharp,  PhD,  PE 
Jose  L.  Llopis 
Enrique  E.  Matheu,  PhD 

Geotechnical  &  Structures 
Laboratory 


Engineer  Research  and  Development  Center 

2005  Tri-Service  Infrastructure  Systems  Conference  &  Exhibition,  St.  Louis 
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Background  and  Purpose 


USACE  proposes  a  flood  damage  reduction 
plan  for  the  Lower  American  River 

A  major  component  of  that  plan  is  raising 
Folsom  Dam  by  seven  feet 

As  part  of  this  plan  a  dynamic  analysis  of  the 
dam-foundation  system  will  be  conducted 

The  purpose  of  this  study  was  to  determine 
foundation  properties  for  input  into  the 
dynamic  analyses  program 


Engineer  Research  and  Development  Center 
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28  Concrete  Monoliths 
50  ft  wide 


Previous  Studies 

1983  Woodward  Clyde 

•  6  NX  cores  and  Borehole  jacking  tests 

•  Static  Young’s  modulus  - 1 .6  to  2.1  xl  06  psi 

1983  ERDC 

•  Surface  seismic  refraction,  surface  vibratory,  crosshole 
and  downhole.  Estimated  density 

•  Dynamic  Young’s  modulus  -  5.8  to  1 1  .xl  06  psi 

2001  URS 

•  Re-evaluation  of  existing  data 

•  Static  Young’s  modulus  - 1 .2  to  2.5x1 06  psi 


District  settled  on  7.9x1 06  psi 

Engineer  Research  and  Development  Center 
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Measured  Insitu  Parameters 

Compression  and  Shear  wave  velocities 

Densities 

T 


Computed  Elastic  Parameters 

Young’s  Modulus 
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Sonic 

logging 
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m. 


Crosshole 
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Sonic  logging,  P  and  S  waves 
Density  logging 
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Crosshole,  P  and  S  waves 
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Monoliths  tested 
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GEOMETRICS 
READ  PRIM  A2M&U.0AT 
LIME  rtLNHER  10 -IB 
SH0I  L DC  m  ,H« 

SAMPLE  IMlEfi JfiL  B31  u$ 
m  FILI  LU  CUT  m 
DISf  FILI  OUT 

t  2 

** 


GROUP  INTERVAL  3.00 
PHONE  1  LOC  1000.00 
RECORE  L01  32  MS 

NOTCH  0H2 

OUT 

3  A  g 

aq  ^  gF 


S  -b  r'Q  to^  i  ©uj 

IT:  53130  L0/W2RB4 

PHONE  G  ICC  lil5.ee 
D»ELft¥  8  HE 
STACKS  3 
FINED  COIN 


GEOMETRICS 

READ  FROM  H2SU45A.Mr 
UNE  MUHPEIE  00-00 
SHOT  LOG  997.00 
SAHFLE  INTERVAL  SSL  uS 
SiCa  FILT  LO  CUT  6HZ 
DtSP  FILT  OUT 

l  a 


CB0UP  INTER  UAL  3,00 
RHONE  1  LOC  lB00.il 
RECORD  LEH  32  MS 
NOTCH  m 

m 

3  4  ! 

5?  3£  31 


S'h’rQ-toVl  Biu 

10:45:21  iwm/zm 


PHONE 


I  LOG  1015,00 
DELAY  S  NS 

STACKS  5 
FINED  GAIH 


Typical  crosshole  data 
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Typical  sonic  and  density  logging  data 
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Elevation  (ft)  Elevation  (ft) 


Density  (g/cc) 

2.2  2.4  2.6  2.8  3.0  3.2 
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..  1 1  ■  I  1 1 


Shear  Wave  (ft/sec) 
8000  1 2000 


16000 


Compression  Wave  (ft/sec) 

12000  16000  20000  24000 


Sonic  Logging  Waves 

4000  8000  12000  16000  20000  24000 


Compression  Wave  (ft/sec) 
Shear  Wave  (ft/sec) 


Shear  Modulus  (psi) 

0  2e+6  4e+6  6e+6  8e+6  1  e+7 


Young's  Modulus  (psi) 
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Poisson's  Ratio 
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Constrained  Modulus  (psi) 
Bulk  Modulus  (psi) 
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Average  Sonic  Logging  Data  and  Computed  Elastic  Parameters 


Mono 

No. 

Density 

g/cc 

P-wave 

velocity 

fps 

S-wave 

velocity 

fps 

Poisson's 

ratio 

Shear 

modulus 

psi 

Young's 

modulus 

psi 

Constrained 

modulus 

psi 

Bulk 

modulus 

psi 

2 

2.72 

18,650 

10,500 

0.27 

4.037E+06 

1 .024E+07 

2.206E+07 

7.354E+06 

11 

2.76 

17,550 

10,200 

0.24 

3.866E+06 

9.626E+06 

1.887E+07 

6.290E+06 

14 

2.82 

18,800 

11,300 

0.22 

4.848E+06 

1.180E+07 

2.086E+07 

6.955E+06 

15 

2.86 

18,850 

11,200 

0.23 

4.830E+06 

1.185E+07 

2.172E+07 

7.242E+06 

21 

2.76 

19,500 

1 1 ,400 

0.24 

4.829E+06 

1.198E+07 

2.307E+07 

7.691  E+06 

22 

2.79 

19,500 

1 1 ,450 

0.24 

4.925E+06 

1.218E+07 

2.315E+07 

7.717E+06 

27 

2.77 

19,450 

1 1 ,400 

0.24 

4.847E+06 

1 .200E+07 

2.294E+07 

7.646E+06 

Average 

2.78 

18,900 

11,064 

0.24 

4.597E+06 

1.138E+07 

2.181  E+07 

7.271  E+06 

Engineer  Research  and  Development  Center 


2005  Tri-Service  Infrastructure  Systems  Conference  &  Exhibition,  St.  Louis 


■W  CEV1' 


Engineer  Research  and  Development  Center 


svelopment  Center  f\ 

2005  Tri-Service  Infrastructure  Systems  Conference  &  Exhibition,  St.  Louis 


Average  Velocity  and  Elastic  Parameter  Values  for  the  Foundation  Materials 

Beneath  the  Concrete  Section  of  Folsom  Dam,  CA 


Density 

g/cc 

P-wave 

velocity 

fps 

S-wave 

velocity 

fps 

Poisson 

ratio 

Shear 

modulus 

psi 

Young's 

modulus 

psi 

Constrained 

modulus 

psi 

Bulk 

modulus 

psi 

2.78 

19,300 

9,200 

0.32 

3.3E+06 

8.5E+06 

2.9E+07 

9.9E+06 

Engineer  Research  and  Development  Center 


2005  Tri-Service  Infrastructure  Systems  Conference  &  Exhibition,  St.  Louis 


■W  C'EV1' 


Summary 

•  The  purpose  of  this  study  was  to  determine 
foundation  properties  for  input  into  the 
dynamic  analyses  program 

•  Evaluate  potential  for  use  of  sonic  logging  in 
drain  holes 

•  Comparison  of  sonic  logging  and  traditional 
crosshole  results  was  excellent 

•  Foundation  properties  consistent  with  those 
previously  reported 


Engineer  Research  and  Development  Center 
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GENERAL  INFORMA  T/ON 


LOCK  and  DAM  24 


Approximately  40  miles  north  of  St.  Louis,  MO. 
CONTRACT  WAS  A  BEST  VALUE 
>type  of  work 
experience  of  contractor 


CONTRACT  RESTRICTIONS 

>3  lock  closures:  1<®  60  days  and  2  @  90  days 
>river  side  of  the  intermediate  wall 
>chamber  side  of  the  intermediate  wall 
>chamber  side  of  the  land  wall 


PARTNERING  CONFERENCE 
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CONCRETE  REMO  VAL 


BLASTING 

MECHANICAL  METHODS 

GRINDERS 

HYDRUAUC  BREAKERS 

DIAMOND  WIRE  SAW 
CHEMICAL  GROUTING 
HAND  TOOLS 


>SAW 

> SMALL  JACK  HAMMERS 
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PRE- BLAST  PREPARATION 


MONITORING  EQUIPMENT 


JOINT  BOLTS  READINGS 
BEFORE  and  AFTER  BLASTING 
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BLAST  DAMAGE 
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LEDGE  DAMAGE 
CONTROL  HOUSE 
COMPLETED  SURFACES 
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MECHANICAL  REMOVAL-GRINDER 


HD  St.  Louis  District 
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MECHANICAL  REMOVAL-HYDRUALIC  BREAKERS 
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CHEMICAL  GROUTING 
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HAND  TOOLS-SMALL  JACK  HAMMERS 
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HAND  TOOLS-SAW 
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CLEAN  UP 


LOCK  FLOOR-EACH 
CLOSURE  PERIOD 

RIVER  SIDE- 
INTERMEDIA  TE  WALL 


MATERIAL  HAULED  OFF 
SITE  FOR  DISPOSAL 
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QUANTITIES  of  CONRETE  REMOVAL 


BLASTING:  2,900  CY 

MECHANICAL:  2,600  CY 

TOTAL:  5,500  CY 

SA  W  CUTTING:  4, 700  LF 

DIAMOND  WIRE  SA  WING:  3  LOCA  T/ONS 
CHEMICAL  GROUTING:  3  LOCA  TIONS 
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QUANTITIES  of  CONCRETE  RECONSTRUCTION 


CAST  IN  PLA  CE  CONCRETE:  8,850  CY 

INFILL  CONCRETE  (BEHIND  PANELS):  270  CY 
TOTAL  CONCRETE:  9,120  CY 

PRE  CAST  CONCRETE  PANELS:  29,960  SF 
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STEPHEN  G.  O’CONNOR 
US  ARMY  CORPS  of  ENGINEERS 
Stephen.G.Oconnor@mvs02.usace.army.mil 
314-331-8425 
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Next  Stop,  The  Twilight  Zone 

Louisville  District 

2004-05  Flood  Duty  Response 

Troy  S.  O’Neal,  P.E. 
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Flood  Duty  Response 
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Situation 


Heavy  rains  caused  river  banks  to  flood  endangering  levee  systems. 


District  dams  held  water  to  reduce  river  inflow  resulting  in  record  pools. 


District  Emergency  Operation  Center  activated. 
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SALAMONIE/  J.  EDWARD  ROUSH 
LAK£W"~\  Lake 


,-MISSlSSINEWA 

LAKE 


District 


Record  Pools 
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Flood  Duty  Response 


Flood  Duty  Response 
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Louisville  District  T OWO  AVJS^  POUltS 

Before  Flood 

Have  prepared  “Fly  Away”  kit 
Resolve  communications  ahead  of  time 
Cell  phone  with  camera 
Computer  with  internet 
Establish  district  chain  of  communication 

During  Flood 

Drive  4X4 

Always  try  to  take  decent  mapping  of  area 
Evaluate  safety  of  people  and  yourself  first  upon  arrival 
Think  logistics  (sandbagging) 

Be  prepared  for  media 
Make  a  plan  and  execute  it 


4 


Flood  Duty  Response 


WWW 

arm 

US  Army  Corps 
of  Engineers 

Louisville  District 


Martinsville,  IN  Flood 


1 .  Possible  levee  overtopping  in  next  12  hours. 

2.  Consequences  -  Flooding  of  town  and  local  agriculture. 
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Flood  Duty  Response 
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Flood  Duty  Response 
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Paducah,  KY  Flooding 

1 .  Seepage  reported  1 00  ft  below  flood  wall. 

2.  Void  opened  up  in  adjacent  parking  lot. 
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Solution 


1 .  Attempted  to  place  gravel/sand  around  headwall  to  clog. 


2.  Supplement  existing  pump  house  with  two  6-inch 
portable  pumps. 


3.  Fix  headwall  after  water  recedes. 


Flood  Duty  Response 
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Smithland,  KY  Flooding 

1 .  Rising  Ohio  River  threatens  to  flood  town  within  three  days. 

2.  Previous  sandbagging  in  1986  (500,000  bags). 
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Terre  Haute,  IN  Flooding 
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Flood  Duty  Response 
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Hazelton,  IN 


1 .  Remote  agricultural  levee  in  threat  of 
overtopping. 
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J.  Edward  Roush  Dam,  IN 
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Geotechnical  and 
Dam  Safety  Section 
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J.  Edward  Roush  Dam  Flood  Duty  Response 


July  2005  high  pool  event  (pool  elevation  of  799.9) 


Geotechnical  and 
Dam  Safety  Section 


J.  Edward  Roush  Dam  Flood  Duty  Response 
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July  2005  high  pool  event  (pool  elevation  of  799.9) 
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Geotechnical  and 
Dam  Safety  Section 


J.  Edward  Roush  Dam  Flood  Duty  Response 


US  Army  Corps 
of  Engineers 

Louisvine  District  f\jew  seepage  locations  at 

downstream  toe  near  residence. 
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Dam  Safety  Section 


J.  Edward  Roush  Dam 
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Questions? 
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Tri  Services  ISC  -  Geotechnical  Track  6 
Wednesday,  August  3,  2005 
Room  227 


State  of  the  Art  in  Grouting 

Dams  on  Solution  Susceptible 

or 

Fractured  Rock  Foundations 


T  rack  6 


Overview  of  USACE  dams  on  solution  susceptible  or 
fractured  rock  foundations 

Special  drilling  and  grouting  techniques  for  remedial  work  in 
embankment  dams 

Composite  grouting  and  cutoff  wall  solutions 
State  of  the  art  in  grout  mixes 

State  of  the  art  computer  control,  monitoring  and  analysis  of 
grouting 

Quantitatively  engineered  grout  curtains 
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Indiana  Limestone 


Solution  Susceptible  Rock  Foundation 


Fractured  Rock  Foundation 


Fractured  Rock  Foundation 


Rock  Foundation  at  Clearwater  Dam 


Fractured  Rock  Foundation 


Basic  Technical  Requirements 

for  an 

Embankment  Dam 


Must  have  sufficient  spillway  and  outlet  capacity 
as  well  as  adequate  freeboard  to  prevent  over 
topping  by  the  reservoir 

Must  be  stable  under  all  loading  conditions 


Causes  of  Dam  Failures  in  the  United  States 

Embankment  Dams  * 


Cause 

1955 

Current 

Inadequate  spillway  capacity 

30% 

40% 

Seepage/piping 

slides 

15% 

6% 

Conduit  leakage 

1 3% 

Slope  protection 

5% 

-►17% 

Unknown 

12%  ^ 

* 
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Source  -  National  Inspection  of  Dams  Program,  Corps  of  Engineers  survey  and 
Bureau  of  Reclamation  survey 


Corps  of  Engineers  Dams 

569  Total  dams  (2000) 


Corps  of  Engineers  Embankment  Dams 

by 

Hazard  Classification  &  Spillway  Operation 


Schematic  of  an  Ungated 
Flood  Control  Dam 


spillway  crest  * 


1 - 

Flood  control 
storage 

I  pool  of  record 


conservation 

pool 


B 


dam 

height 


tailwater 


foundation 


%  of  Flood  Control  Loading 


Total  Loading  History 

High  Hazard  Ungated  Dams 

as  of  2000 


Spillway  crest 
00 


Untested  zone  *  Pool  of  record 


n  i  i  r 
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Dam  Height  in  Feet 

41  Of  the  243  have  experienced  spillway  flow 


Permanent 

pool 


Summary  of  1976  HQ  Survey 
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1 
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5 
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1 
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4 
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1 
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USACE  Total 
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35 

Fractured 

4 
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1 


Both 
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Some  Recent  Corps  Experiences  with  Existing  Dams 
That  Required  or  will  Require  Modification 


Hartwell  Dike,  SC  -  cutoff  wan 
Beaver  Dam,  AK  —  secant  pile  cutoff 
Patoka  Dam,  IN  -  grouting 

Mississineau  Dam,  IN  -  grouting  and  then  panel  wall 

Walter  F.  George,  GA  —  grouting  with  panel  wall 

Clearwater  Dam,  AK  —  emergency  grouting  then 

permanent  grouting  and  then  cutoff  wall 

Wolf  Creek,  TN  —  report  with  recommendations  being 

submitted  to  headquarters 
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Considerations  in  Selecting  the  Type  of  Cutoff  for 

Seepage  Control 


Exploration  and  investigations 
Site  characterization 

Physical  properties  of  the  fractured  or  solution 
susceptible  rock  foundation 

Establishing  the  depth  and  length  of  cutoff 

Contracting  procedure 

IFB,  RFP  and  Best  Value 


Dipstick  measurements 


Conventional  Grouting 


Time  consuming 
manually  prepared  charts 


Mechanical  gages  and 
manual  monitoring 


Recent  Development  in  Grouting  Materials, 
Equipment  and  Procedures 


1.  Drilling  and  grouting  techniques 


Recent  Development  in  Grouting  Materials 
Equipment  and  Procedures 


2.  State  of  the  art  Grout  mixes 


Neat  Cement 
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Recent  Development  in  Grouting  Materials, 
Equipment  and  Procedures 


2.  State  of  the  art  Grout  mixes 


3.  Composite  grouting  and  cutoff  walls 


Recent  Development  in  Grouting  Materials, 
Equipment  and  Procedures 


Recent  Development  in  Grouting  Materials, 
Equipment  and  Procedures 


4.  State  of  the  art  computer  control,  monitoring  and  analysis 
of  grouting  _ _ _ « 


: 


01/06/200- 


Recent  Development  in  Grouting  Materials, 
Equipment  and  Procedures 

5.  Quantitatively  engineered  grout  curtains 


Evaluation  of  geologic  conditions 

Detailed  site  characterization 

Design  of  grout  curtains  as  an  intergral  part 
of  the  project  to  achieve  specific  results 

Best  value  contracting 


Average  Lugeon  Value  Per  Stage 
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Summary 

Establishing  the  initial  or  remedial  seepage  cutoff  for  a 
water  resources  project  can  be  difficult,  expensive  and 
requires  monitoring  and  future  evaluation 

Recent  advances  in  grouting  technology,  materials, 
practices  and  procedures  have  made  multiple  line 
grouting  a  reliable  and  cost  effective  method  to  control 
seepage  or  the  flow  of  groundwater 


Critical  Information 

for 

Flood  Control  Operation  of  Dams 

Inflow  predictions 
Projected  reservoir  levels 
Corresponding  storage 

Predicted  performance  of  the  dam  and  structures 
Threshold  for  changes  in  monitoring  program 
Threshold  for  potential  operational  changes  due 
to  structural  performance 
Draw  down  capability 

♦  with  full  bank  discharge  capacity 

♦  with  full  discharge 
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US  Army  Corps 


Sources  of  Stone  Recently  Used  in  Chicago  District 

V  alders  and  Hay  ton,  WI  -  dolomite 


Sudbury 


WISCONSIN 


reem  Bay 


Milw^uk 

^ ' 

Cfrter. 
Rapids 


Lansing 


Des 

Moines 


'  C*  . 

Columbus 


INDIANA 


'  tihartesfcujri 

.  Becfcl 

Lexingtorf- , 


MISSOURI 


Evansville 


of  Engineers 

Chicago  District 


Little  Current,  Ont.  -  quartzite 


Wausau,  WI  -  blasted 
and  drilled/split  granite 


Waterloo,  WI  -  quartzite 


Bloomington  area,  IN 
cut  limestone 


Ste.  Genevieve,  MO 
blasted  limestone 


US  Army  Corps 
of  Engineers 

Chicago  District 


Stone  Types 


A-Stone:  Large  Stone  in  Direct  Contact  with  Water 
B-Stone:  Underlayer  Stone  -  Transitional  Layer 
C-Stone:  Bedding  Between  Foundation  and  B-Stone 


US  Army  Corps 
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Stone  /  Rock  Types  Used  in  the 
Chicago  District 


•  Cut  Limestone  Blocks  -  Early  1900s  to  present 

•  Blasted  Limestone  and  Dolomite  -  1960s  to  present 

•  Blasted  Quartzite  -  Early  1990s  to  present 

•  Blasted  Granite  -  Late  1990s  to  present 

•  Drilled  and  split  granite  -  2005 


23 


2004 


Used  initially  in  “Laid  Up  structures 


Later  used  in  rubble  mound  and  as  capstone 


Blasted  Quartzite 
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Blasted  Granite 
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Drilled  and  Split  Granite 
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Stone  Materials  Specifications 

Great  Lakes  Stone  Team  in  late  1990s  to 
address  inconsistencies 


Representatives  of  3  Districts,  Local  Sponsors  and  Industry 
Developed  Great  Lakes  Armor  Stone  Guide  Specification 


Laboratory  Criteria  Based  on  Concrete  Aggregate  Tests 


Visual  Criteria  Subject  to  Some  Discretion 


On-Site  Meetings  at  Sources  to  Establish  Mutual  Understanding 


Use  of  Reference/Index  Stones  at  Quarry  to  Display  Features 


US  Army  Corps 
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Laboratory  Test  Criteria 


Test 

Test  Method 

Acceptance  Criteria 

Specific  Gravity3/ 

ASTM  C  127 

2.6  -  3.0 

Absorption172 

ASTM  C  127 

<  1  percent  and  >  3 
percent 

Los  Angeles 
Abrasion 

ASTM  C  535 

<  20  percent  loss  after 

500  revolutions 

Freeze-Thaw  1/2 

ASTM  D  5312 

<  2  percent  loss  after  35 
cycles 

Wetting-Drying  1/2 

ASTM  D  5313 

<  2  percent  loss  after  80 
cycles 

Petrographic 
Examinat ion 

ASTM  C  295 

No  deleterious  materials 

allowed 

Field  Examination 

ASTM  D  4992 

No  deleterious  materials 
allowed 

YfwW 
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Visually  Identified  Criteria 

“...quality  to  insure  permanence  of  structure  in  the  climate  in  which  it  is  to 

be  used . free  of  features  which  may  tend  to  increase  deterioration  from 

natural  causes  or  breakage  during  handling,  transportation,  or  placement .  ” 

Vugs:  Less  than  5%  of  exposed  surface  area  exhibiting  vugs,  and  vugs  shall 
not  be  aligned  along  bedding  planes.  No  vugs  greater  than  4-inches  in 
diameter. 

Stylolites  shall  not  exhibit  gaps,  separation  or  clay  mineralization  or  appear 
likely  to  separate. 

Dimensional  aspect  ratio  3:1  based  on  measurements  of  3  mutually 
perpendicular  axes  when  represented  within  a  rectangular  “box”  orientation. 
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No  fractures  or  bedding  planes  that  appear  likely  to  cause  failure 


YfwW 
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us  Army  corps  Factors  That  Impact  Armor  Stone  Durability 

of  Engineers 

Chicago  District 


•  Environment  and  Climate  -  Nature  of  Project 

•  Above  or  Below  Water  Placement 

-  Prefer  no  distinction  in  acceptance  criteria  to  avoid  confusion  in  field 

-  Contractors  unlikely  to  charge  less  for  lower  quality,  so  why  lower 
standards? 

•  Production  Methods 

Cut  Stone  -  Oolitic  Limestone  and  Sandstone 
Drilled  and  Split  Stone 
Blasted  Stone 
Curing  and  Aging 


Factors  That  Impact  Armor  Stone  Durability 

of  Engineers  Cont’d 

Chicago  District 

•  Rock  Type 

-  Sedimentary  rock  has  inherent  anisotropy 

-  Carbonates  (and  any  sedimentary  rock)  vary  based  on 
depositional  environment.  Carbonates  are  often  most  readily 
available 

-  Meta-quartzite  has  uniform  mineralogy  and  crystalline 
intergrowth 

-  Granite  includes  variation  in  mineralogy  and  crystalline 
intergrowth 


US  Army  Corps 
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Factors  That  Impact  Armor  Stone  Durability 


Cont’d 


Discontinuities,  etc. 


Fractures  -  mechanically  caused  by  excavation  methods 

Joints  -  naturally  occurring  as  a  consequence  of  lithification  and  stresses 

Bedding  -  separation  planes  and  clay  or  oxidized  minerals  along  bedding 

Stylolites  -  suture-like  features  formed  in  conjunction  with  pressure  dissolution 

Micaceous  or  mineralized  zones  -  biotite,  sericite  and  clay  minerals  are  weaker 
than  surrounding  rock 


Vugs  -  discontinuous  voids  or  bubbles  in  rock  mass 


US  Army  Corps 
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Fractures 


Small  fractures  require  careful  inspection  to  detect 


May  require  wetting  stone  to  aid  visibility 


HH 


Discontinuous  fractures  of  no  consequence 
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Joints 
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Often  detected  during  quarrying 


May  worsen  with  exposure 
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May  or  may  not  be  a  problem 

May  represent  failure  surfaces 

May  be  more  durable  than  surrounding  rock 
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Micaceous  /  Mineralized  Zones 
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Clay  along  joints  or  bedding  planes 
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Diseminated  softer  minerals  may 
cause  fracturing  during  handling 
and  placement 
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Factors  That  Impact  Armor  Stone  Durability 

Cont’d 

Transportation,  Handling  and  Placement 


US  Army  Corps 
of  Engineers 

Chicago  District 


Quality  Control  and 
Quality  Assurance 


•  Shift  from  intensive  Government  Inspection  (QA)  to 
Contractor  QC 


•  Training  and  qualifications  of  Contractor  QC  personnel 

•  Training  and  technical  support  (Design  and  A/E)  for 
Government  QA  personnel 

•  Quarry  visit  to  establish  acceptance  criteria 

•  QC  oversight  during  quarrying,  selection  and  transportation 


•  QA  oversight  throughout 


US  Army  Corps 
of  Engineers 

Chicago  District 


Quarry  Visits  to  Establish  Acceptance  Criteria 


•  Resolve  misunderstandings  early 

•  Document  agreements 


us  Army  corps  Ongoing  Investigations 

of  Engineers  o  o  O 

Chicago  District 

Monitoring  of  Completed  Coastal  Projects  -  MCCP 


•  1994-1998  study  of  armor  stone  in  Great  Lakes  region 

•  Included  investigations  in  laboratory,  quarries  and  project 
performance 

•  4  Structures  in  Lake  Michigan  and  one  in  Lake  Erie 

(Chicago  Harbor,  Calumet  Harbor,  Burns  Harbor,  Calumet 
Harbor  CDF,  and  Cleveland  Harbor) 


Monitoring  Report  produced  in  2004-2005  summarizing 
results 


WwW 

us  A  my  corps  Ongoing  Investigations 

of  Engineers  o  o  O 

Chicago  District 

Monitoring  of  Completed  Navigation  Projects  -  MCNP 

•2005  -  2010  study  of  armor  stone  durability 

•  Includes  investigations  in  laboratory,  quarries  and  project 
performance 

•  3  Structures  in  Great  Lakes  -  Lake  Michigan,  Lake  Erie  and  Lake 
Superior 

(Burns  Harbor,  IN;  Cleveland  Harbor,  OH  and  Keweenaw  Harbor,  MI) 


Study  of  factors  in  durability,  effects  of  scale  on  laboratory 
tests,  develop  guidelines  for  selection  criteria,  possibly 
develop  testing  protocols  and  guidance  documents 


Questions,  Comments,  Feedback??? 
(please  don’t  throw  stones) 
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Soil-Bentonite  Cutoff  Wall 
Through  Dense  Alluvium 


with 


urn 


Tri-Services  Infra- Structure  Conference 
2-4  August  2005 
(St.  Louis ,  MO) 


William  A.  Rockford,  P.E. 
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Outline 


•  Reason  for  Cutoff  Wall 

•  Test  Section 

•  Demonstration  Section 

•  Verification 


Lessons  Learned 
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Reservoir  Plan  Schematic 


1-55 


Existing 


Vulcan 


Quarry 
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:  Historic  River  Channel 

Chicago  District 


Elevation  (ft) 
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Description  FILL  (CL,  SP.  GW-GM) 
Wt:  130 
Cohesion:  1500 


Description.  DOLOMITE 
Wt:  160 
Cohesion:  D 
Phi  45 


Descriptor!  SILTY  CLAY  to  CLAYEY  SILT  w/sand  i  CL-ML: 
Wt:  (30 

Cohesion:  2000 


Description  SLURRY 
Wt  120 

Ccheslon:  0  Description  -  Silty  SAND  (SMI 
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Slope  Erosion 
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Test  Section 


•  Construction  -  July-Aug  2000 

•  4-sided  Box  (50’  x  50’) 

•  Pump  Test 
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Test  Section 
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Soil  Type 
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Classification 
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Moisture 
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Density 
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Jg  Demonstration  Section  & 
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CNcagcf  District  Illltllll  W  llll  COIlStrUCtlOIl 

•  Modified  Contract  to  Demonstrate 
Alternate  Method  to  Penetrate 
Hardpan  and  Bedrock 

•  Conducted  Investigation  of 
Completed  Section 

•  Developed  More  Stringent  & 

Intensive  QA  Inspection  program 

_ _ mlnArVi 
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Demonstration  Section 

MBBR  edification 
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Initial  Wall  Construction 
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Investigation 


Probing  for  Cutoff  Wall 

of  Engineers 

Chicago  District 
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Backfill  Sampling 


Initial  Production  Section 
(Nov  2001) 


Crew  #3 


un  2002  -  Nov  2002) 


,  r 


Test  Section 
(Aug  2000) 


Crew  #2 


(Apr  2002  -  Nov  2002) 
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Demonstration  Section 
(Jul  2001) 


Crew  #1 


(Au 


Crew  #1 


ug  2002  -  Dec  2002) 


(Mar  2002  -  Aug  2002) 
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Cutoff  Wall  Construction 
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Cutoff  Wall  Construction 
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Cutoff  Wall  Construction 
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Cutoff  Wall  Construction 
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Cutoff  Wall  Construction 


US  Army  Corps 
of  Engineers 

Chicago  District 


QA/QC  Verification 


•  Depth  Measurements  During 
Excavation 

•  Bedrock  Key  Verification 

•  Post-Construction  Depth 
Measurements 
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Depth  Measurements 
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Bedrock  Key  Verification 
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Depth  Verification 
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Wall  Profile 


Northside  East  End  Southside 


STATION 
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Construction  Summary 


Estimated  Actual 

(Square  Feet)  (Square  Feet) 


182,706 


w/Excavator 


145,375 


w/Chisel 


7,271 


w/Chisel 


Trench  @ 
$6.25/sf 


Trench  @ 
$48.42/sf 


Bedrock  Key 
@  $48.42/sf 


263,000 


14,880 


7,440 


Total 


285,320 


335,352 
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Lessons  Learned 


•  Ensure  Thorough  Site  Investigations 

•  Cutoff  Walls  MUST  be  keyed  into  Underlying 
Layer  for  Seepage  Control,  VERIFY 

•  Subsurface  Construction  Requires  a  High 
Level  of  QA/QC,  especially  at  Start-Up 

•  Keep  Close  Coordination  between  Design  and 
Construction 


•  Perform  a  Test  Section 


STAffy 
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I  Soil- 
Bentonite 
Cutoff  Wall 
Through 
Free-Product 
at  Indiana 
Harbor  CDF 


Joe  Schulenberg,  Ph.D.,  P.E. 

John  Breslin,  P.E. 

Geotechnical  Section,  Chicago  District 
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Project  Location 
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Site  Geology  and  Design  Purpose 


Disposal 

Area 


Clean  Water 
Ditch 


Clay  Fill 


Gradient 
Control  System 


Industrial  Fill/Native  Soil 


Slurry  Wall 


Former  Lakebed  Clay 


Property  Line 


Chicago  District 
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Cutoff  Wall  Construction 


Step  2. 


Soil 
Bentonite 
Backfill 


Aquitard 


In 
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Of  Engineers  ® 

Chicago  District 


8/22/2005  3:30  PM 


Implementation  Steps 


4  Soil  Borings 

4  Compatibility  Testing 

4  Test  Section 

4  Obstruction  Removal 

4  Cutoff  Wall  Construction  Quality 
Control/Quality  Assurance 
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Soil  Borings 
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Normalized  Depth... 
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05 
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FinesContent 

40  50  60  70 


Chicago  District 


8 


8/22/2005  3:30  PM 


WwW 

arm 


US  Army  Corps 
Of  Engineers  ® 

Chicago  District 


Average  Fines 


Original  —With  Additional  Data  — Minimum  10% 
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Permeability  (cm/s).. 
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Short  T 
Compatibility 


10'3 


■0“  Near  well  with  highest  BTEX, 
Ca,  Mg,  and  Alcohols 

e—  Highest  fill  pH 


0  2  4  6 

Bentonite  Percentage 
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Permeability  (cm/s).. 
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10 


-7 


10 


-8 


k-9 


Long  Term  Compatibility 


Permeants 

Highest  pH  Highest  BTEX,  Ca,  Mg  and  Alcohols 
Groundwater  Groundwater  LNAPL 


Requirements 
x  1 0'8  cm/s 


Backfill 

■  pH  -  4%  Bentonite 

□  13.5%  Fines  -  4%  Bentonite 

■  BTEX,  Ca,  Mg,  Alcohols  -  6%  Bentonite 

□  16.7%  Fines  -  6%  Bentonite 
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Section 
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Test  Section 


Casagrande  Piezometers 
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ObstruHH 
Dewatering 


Removal 
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Obstruction  ftemoval 
Oil-Water  Separator 
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Obstruction  Removal  - 
Pipes 
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Obstruction  (temoval  - 
Concrete  Foundations 
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ol/Quality 
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Quality  Control  Issues 
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Slurry  in  Trench 
Density 
Sand  Content 

Filtrate  Loss 
Viscosity 


Soil/Bentonite 

Backfill 

Density 

Permeability 


(AV//////^ 
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Duplicate  Permeability 
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O  Insitu  Wall  Testing 

*0 

♦  Patrick 
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Failing 
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♦  o° 

Passing. 

H  i 

♦ 
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Chicago  District 


30 


50  70 

Station 


90 


*  Required  6%  Bentonite  to  Achieve  10'7 
cm/s  permeability 

4  Quality  Control/Quality  Assurance  Vital 

4  Design  Staff  Should  be  Involved  in 
Implementation 
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Quality  Control  -  Slur 


Test 

Requirement 

Rationale 

Density 

15  pcf  < 

Displace 

backfill 

Slurry 

Sand  Content 

30% 

Keep  sand  in 
suspension 

Viscosity 

40  -  90  s 

Keep  trench 
open,  slurry 
displaceable 

Filtrate  Loss 

<  25  cm3 

Maintain  filter 
cake 

US  Army  Corps 
Of  Engineers  ® 


Quality  Control  -  Backfill 


Test 

Requirement 

Rationale 

Density 

15  pcf  > 

Displace 

slurry 

slurry 

Permeability 

<  1  x  10-7 

Reduce  flow 

cm/s 

through  wall 
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Repair  Summa 
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Flood  Fighting  Structures 
Demonstration  and 
Evaluation  Program 

(FFSD) 

George  Sills 

Infrastructure  Conference 
August  2005 

Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 
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Flood  Fighting  Structures  Demonstration 
and  Evaluation  Program  (FFSD) 

1.  Background 

2.  Product  Selections 


3.  Laboratory  Testing 
Field  Testing 
Product  Summaries 
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Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 


Not  a  New  Problem 
Lake  Chicot  Sand  Boil  (1973) 
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Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 


Background 
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Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 
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Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 


Flood  Fighting  Structures 
Demonstration  and  Evaluation 

Program  (FFSD) 
Authorization 


2004  Energy  and  Water  Development  Bill 

“The  conferees  therefore  direct  the  Corps  of 
Engineers  to  act  immediately  to  devise  real 
world  testing  procedures  for  Rapid  Deployment 
Flood  Wall  (RDFW)  and  other  promising 
alternative  flood  fighting  technologies.” 
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Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 


FFSD  Study  Team  Leaders 

Laboratory  Testing 
Dr.  Johannes  Wibowo  (GSL) 
Perry  A.  (Pat)  Taylor  (GSL) 

Dr.  Donald  Ward  (CHL) 

Field  Testing 
George  Sills  (GSL) 

Fred  Pinkard  (CHL) 

FRnr  Coastal  and  Hydraulics  Laboratory 

criuo  Geotechnical  and  Structures  Laboratory 
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Product  Selections 

1.  Congressional  Directive  -  Rapid 
Deployment  Flood  Wall  (RDFW) 

2.  Standard  for  Comparison  -  Sandbags 


RDFW 


Sandbag  Structure 
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Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 


Product  Selections 

1.  Develop  Evaluation/Selection  Criteria 

2.  Issue  Solicitation  for  Technical  Proposal 

•  9  Proposals  Received 

•  Categories  -  Product  Type 
Impermeable  Liner  (with  or  without  frame) 
Granular  Filled  Container 

Water  Filled  Bladder 

3.  Evaluate  Proposals  and  Make  Selections 

•  Based  on  Technical  Merit 


US  Army  Corps 
of  Engineers 


ERDC 


Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 


Product  Selections 

*  Competitive  Technical  Proposals 
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Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 


Portadam 


Hesco  Bastion 


Evaluation  Parameters 


Product  Requirements 
Footprint  and  ROW  requirements 
Durability 

Ease  of  Construction  and  Removal 
Time  /  Manpower/  Equipment 

Adaptability  to  Varying  Terrain 
Seepage 

Fill  Requirements 
Cost 

Repair  and  Reusability 
Ability  to  Raise  During  Flood 


Tests 

Static  Loading 
Overtopping 
Wave  Impact 
Debris  Impact 

Performance  on 
Various  Surfaces 

Freshly  Graded 
Grass  /  Weeds 
Finished  Concrete 
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Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 


Laboratory 

Testing 


Construction 

Footprint 
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Laboratory  Testing 
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Sandbag  Structure 
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Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 


Laboratory  Testing 
Debris  Impact 
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Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 


Laboratory  Results 


Structure 

Construction 

Effort 

(man  hours) 

Removal 

Effort 

(man  hours) 

Portadam 

24.4 

4.4 

Hesco 

20.8 

13.4 

Sandbags 

205.1 

9.0 

RDFW 

32.8 

42.0 

WwW 
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Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 


Laboratory  Results 

Seepage 
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Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 


Field  Testing 

Site  Selection 
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Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 


astion 
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Vicksburg  Harbor 
Test  Site 
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Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 


Portadam  Structure 
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Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 
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Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 


Hesco  Bastion  Structure 


Testing 


Hesco  Bastion 

Installation  Modification 
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Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 


Sandbag  Structure 


WwW 

Qyy 


US  Army  Corps 
of  Engineers 


ERDC 


Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 


RDFW  Structure 


Testing 
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Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 


RDFW 

Post  Testing  Modifications 


Color  Coded  for  Accurate  Installation 
Rounded  Corners 

Suction  Trailer  Available  to  Expedite  Removal 
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Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 


Field  Testing 

Construction  and  Removal 


Construction 


Removal 


Structure 

Time 

(hours) 

Effort 

(man  hours) 

Time 

(hours) 

Effort 

(man  hours) 

Portadam 

5.1 

26.2 

2.9 

12.6 

Hesco  Bastion 

8.9 

57.5 

8.7 

36.3 

Sandbags 

30.5 

453.1 

2.6 

3.5 

RDFW 

7.5 

48.4 

17.3 

113.4 
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Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 


Field  Testing 

Seepage 


-a- Sandbags  -*-RDFW  Hesco  Bastion  -•-Portadam 
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Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 


Field  Testing  -  Damage 


Portadam 

None  - 100%  reusable 

Hesco  Bastion 

Bent  some  panels  and  coils 
Over  95%  reusable 

Sandbags 

Bags  began  to  deteriorate 
All  sandbags  disposed 

RDFW 

Broke  some  unit  pieces 
95%  of  pieces  reusable 
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Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 


Portadam  Summary 

Strengths 

*  Ease  of  Construction/Removal 
(Time,  Manpower,  Equipment) 

*  Low  seepage  rates 

*  No  fill  required 

*  High  degree  of  reusability 

*  Least  ROW  Required 

Weaknesses 

*  Punctured  during  debris  impact  test 

*  Can’t  be  raised  in  typical  application 
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Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 


Hesco  Bastion  Summary 

Strengths 

•  Ease  of  Construction/Removal 

(Time,  Manpower) 

•  Low  cost 

•  High  degree  of  reusability 

Weaknesses 

*  Significant  ROW  required 
due  to  granular  fill 

*  Highest  seepage  rates 

Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 


Sandbag  Summary 

Strengths 

*  Cost  (volunteer  /  prison  labor) 

*  Conforms  well  to  varying  terrain 

*  Low  seepage  rates 

*  Can  be  raised 

Weaknesses 


*  Very  labor  intensive 

*  Not  reusable 
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Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 


RDFW  Summary 

Strengths 

*  Ease  of  construction 

(Time,  Manpower) 

*  Low  seepage  rates 

*  High  degree  of  reusability 

*  Can  be  raised  (8  inch  units) 

Weaknesses 

*  Significant  ROW  required  due  to 
granular  fill 

*  High  cost 

*  Most  difficult  to  remove 

Coastal  and  Hydraulics  Laboratory 
Geotechnical  and  Structures  Laboratory 
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Remaining  Work 

1 .  Place  testing  data  and  results  on 
publicly  accessible  web  page. 

Conduct  pilot  tests  at  3  locations 
around  the  country. 

Philadelphia  /  Baltimore  Districts 
Omaha  District 
Sacramento  District 


3.  Use  purchased  products  in  actual 
flood  events. 
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Flood  Fighting  Structures 
Demonstration  and  Evaluation  Program 
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Tri  Services  ISC  -  Geotechnical  Track  6 
Wednesday,  August  3,  2005 
Room  227 


State  of  the  Art  in  Grouting 

Dams  on  Solution  Susceptible 

or 

Fractured  Rock  Foundations 


T  rack  6 


Overview  of  USACE  dams  on  solution  susceptible  or 
fractured  rock  foundations 

Special  drilling  and  grouting  techniques  for  remedial  work  in 
embankment  dams 

Composite  grouting  and  cutoff  wall  solutions 
State  of  the  art  in  grout  mixes 

State  of  the  art  computer  control,  monitoring  and  analysis  of 
grouting 

Quantitatively  engineered  grout  curtains 


o 


Indiana  Limestone 


Solution  Susceptible  Rock  Foundation 


Fractured  Rock  Foundation 


Fractured  Rock  Foundation 


Rock  Foundation  at  Clearwater  Dam 


Fractured  Rock  Foundation 


Basic  Technical  Requirements 

for  an 

Embankment  Dam 


Must  have  sufficient  spillway  and  outlet  capacity 
as  well  as  adequate  freeboard  to  prevent  over 
topping  by  the  reservoir 

Must  be  stable  under  all  loading  conditions 


Causes  of  Dam  Failures  in  the  United  States 

Embankment  Dams  * 


Cause 

1955 

Current 

Inadequate  spillway  capacity 

30% 

40% 

Seepage/piping 

slides 

15% 

6% 

Conduit  leakage 

1 3% 

Slope  protection 

5% 

-►17% 

Unknown 

12%  ^ 

* 


o 


Source  -  National  Inspection  of  Dams  Program,  Corps  of  Engineers  survey  and 
Bureau  of  Reclamation  survey 


Corps  of  Engineers  Dams 

569  Total  dams  (2000) 


Corps  of  Engineers  Embankment  Dams 

by 

Hazard  Classification  &  Spillway  Operation 


Schematic  of  an  Ungated 
Flood  Control  Dam 


spillway  crest  * 


1 - 

Flood  control 
storage 

I  pool  of  record 


conservation 

pool 


B 


dam 

height 


tailwater 


foundation 


%  of  Flood  Control  Loading 


Total  Loading  History 

High  Hazard  Ungated  Dams 

as  of  2000 


Spillway  crest 
00 


Untested  zone  *  Pool  of  record 


n  i  i  r 


^  ^  ^  ^  ^  ^  ^  ^  # 

*  v  v  .Vs  ,\N  /,<<r  -nt  ^<cr  •» 

'  V>\vN?VV<V'<V,<V 

Dam  Height  in  Feet 

41  Of  the  243  have  experienced  spillway  flow 


Permanent 

pool 


Summary  of  1976  HQ  Survey 


MSC 

Solution 

Fractured 

Both 

MSC 

Solution 

Fractured 

LRD 

SAD 

LRL 

2 

SAJ 

1 

LRN 

5 

SAM 

1 

1 

LRB 

1 

SPD 

NAD 

SPA 

1 

NAB 

1 

SPK 

1 

1 

NAO 

1 

SWD 

MVD 

SWF 

6 

MVK 

1 

SWL 

5 

MVR 

1 

SWT 

4 

MVS 

1 

1 

NWD 

NWK 

5 

1 

NOW 

NWW 

1 

3 

USACE  Total 

Solution 

35 

Fractured 

4 

O 


Both 


1 


Both 
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Some  Recent  Corps  Experiences  with  Existing  Dams 
That  Required  or  will  Require  Modification 


Hartwell  Dike,  SC  -  cutoff  wan 
Beaver  Dam,  AK  —  secant  pile  cutoff 
Patoka  Dam,  IN  -  grouting 

Mississineau  Dam,  IN  -  grouting  and  then  panel  wall 

Walter  F.  George,  GA  —  grouting  with  panel  wall 

Clearwater  Dam,  AK  —  emergency  grouting  then 

permanent  grouting  and  then  cutoff  wall 

Wolf  Creek,  TN  —  report  with  recommendations  being 

submitted  to  headquarters 


O 


Considerations  in  Selecting  the  Type  of  Cutoff  for 

Seepage  Control 


Exploration  and  investigations 
Site  characterization 

Physical  properties  of  the  fractured  or  solution 
susceptible  rock  foundation 

Establishing  the  depth  and  length  of  cutoff 

Contracting  procedure 

IFB,  RFP  and  Best  Value 


Dipstick  measurements 


Conventional  Grouting 


Time  consuming 
manually  prepared  charts 


Mechanical  gages  and 
manual  monitoring 


Recent  Development  in  Grouting  Materials, 
Equipment  and  Procedures 


1.  Drilling  and  grouting  techniques 


Recent  Development  in  Grouting  Materials 
Equipment  and  Procedures 


2.  State  of  the  art  Grout  mixes 
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Recent  Development  in  Grouting  Materials, 
Equipment  and  Procedures 


2.  State  of  the  art  Grout  mixes 


3.  Composite  grouting  and  cutoff  walls 


Recent  Development  in  Grouting  Materials, 
Equipment  and  Procedures 


Recent  Development  in  Grouting  Materials, 
Equipment  and  Procedures 


4.  State  of  the  art  computer  control,  monitoring  and  analysis 
of  grouting  _ _ _ « 


: 
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Recent  Development  in  Grouting  Materials, 
Equipment  and  Procedures 

5.  Quantitatively  engineered  grout  curtains 


Evaluation  of  geologic  conditions 

Detailed  site  characterization 

Design  of  grout  curtains  as  an  intergral  part 
of  the  project  to  achieve  specific  results 

Best  value  contracting 


Average  Lugeon  Value  Per  Stage 
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Summary 

Establishing  the  initial  or  remedial  seepage  cutoff  for  a 
water  resources  project  can  be  difficult,  expensive  and 
requires  monitoring  and  future  evaluation 

Recent  advances  in  grouting  technology,  materials, 
practices  and  procedures  have  made  multiple  line 
grouting  a  reliable  and  cost  effective  method  to  control 
seepage  or  the  flow  of  groundwater 


Critical  Information 

for 

Flood  Control  Operation  of  Dams 

Inflow  predictions 
Projected  reservoir  levels 
Corresponding  storage 

Predicted  performance  of  the  dam  and  structures 
Threshold  for  changes  in  monitoring  program 
Threshold  for  potential  operational  changes  due 
to  structural  performance 
Draw  down  capability 

♦  with  full  bank  discharge  capacity 

♦  with  full  discharge 
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Laboratory  Testing  of 
Flood  Fighting  Structures 


L.  WibowdJGSL 


Ward,  CHI 
Taylor,  GSL 


d  Develop 


Laboratory  Testing  of 
Flood  Fighting  Structures 

Outline 

Laboratory  Facility 
Testing  Protocol 
Laboratory  Testing 


Laboratory  Testing  of 
Flood  Fighting  Structures 

Laboratory  Facility 


Unique  Test  Facility 


115  ft  by  185  ft  basin,  4  ft 
deep 

Modified  with  an  8-ft- 
diameter  sump 

Wing  walls  extend  from 
rear  wall  of  basin  on  both 
sides  of  sump 

Test  structure  ties  into  wing 
walls  to  seal  off  in  front  of 
sump 

Full  Instrumentation 


Computer 

controlled 


Three  25-ft-wide  wave  generators 


Synchronized 

Spectral  or 
monochromatic 


K! 


Instrumentation 


Wave  gauges 

Laser  displacement 
measurements 

Pool  elevation 

Pump  discharge 

Webcams 


Laboratory  Testing  of 
Flood  Fighting  Structures 

Test  Protocol 


Standardized  Test  Protocol 


■  Construction, 
Repair,  Removal 

■  Static  Head 

■  Dynamic  Wave 

■  Overtopping 

■  Debris  Impact 

■  Reusability 

■  Environmental 
Evaluation 


Construction  Footprint 


10  feel 


One  90  degree 
angle 

One  60  degree 
angle 

Tie  into  one  wall 
perpendicularly 

Tie  into  one  wall 
at  angle 


Existing  wall 


30  feet 


Walk  area 


PC  5  hstr  &  toots 


.  Sump  p  t 
iS  ft  damn  a 
B 1  deep) 


h 


Fuel  for  5  ^  o  exhaust  manifold 


Construction  and  Removal 


Total  man-hours 

Equipment  used 

Materials  and 
supplies 


Static  Head  Tests 


Test  cases: 

1  ft  head 

2  ft  head 

95%  of  design 
height 

22  hrs  each 


Measurements 

Seepage  rate 
Displacement 
Damage 
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Dynamic  Wave  Tests 


2  inch  Waves 
for  7  hours 

6-8  inch  Waves 
for  30  min 

10-12  inch 
Waves  for  1 0 
min 

All  waves  at 
67%H  and 
80%H 


Overtopping  Test 


■  1  inch  Head  for  1  hour 

■  Damage  and  Survivability  Test 


Debris  Impact  Test 


12-in-diameter  log 
5  mph 

16-in-diameter  log 
5  mph 


Impact  Tests 

Impact  T  est 
12”  and  16”  logs 


20  deg 
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Repairs 


Up  to  three  repairs 
allowed 

30  minute 
maximum 

4  person 
maximum 

Only  at  conclusion 
of  specific  tests 


Reusability 


Special  equipment 
needed  to  clean  unit 

Time  needed  for 

clean  up  unit 

Damages  of  structures 

Storage  needed 


Environmental  Evaluation 


Disposal  Concerns 
Contamination 


Laboratory  Testing  of 
Flood  Fighting  Structures 

Laboratory  Testing 


Test  Parameters 

Constructability 
Hydrostatic  Load 

Wave-induced  Hydrodynamic  Load 

Overtopping 

Debris  Impact 

Repairs  to  Flood-Fight  Structures 
Removal  of  Structures 
Reuseability 

Environmental  Evaluation 


Sandbag  Levee  -  Overtopping 
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Construction  and  Removal  Summary 


Construction: 

■  205.1  Man-hours 

■  Equipments: 

Front-end  loader 
Manual  sandbagger 
Cones 

■  Materials 

Sandbags 

Sand 


Removal: 

■  9  Man-hours 

■  Front-end  loader 


4  - 


Repair  Summary 


Repair  1 :  2.0  Man-hours 
Repaired  wave  damage 
Leveled  top  surface 

Repair  2:  2.0  Man-hours 

Repaired  wave  damage 

Repair  3:  2.0  Man-hours 

Repaired  wave  damage 

Rebuild:  44  Man-hours 

Placed  heavier,  tied 
sandbags  on  surface 
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Hesco-Bastion  Concertainer  Construction 


Hesco-Bastion  Concertainer  Construction 


Hesco-Bastion  Concertainer  Construction 


Hesco-Bastion  Concertainer  -  Wave  Damage 


Hesco-Bastion  Concertainer  -  Cover  Installation 


Hesco-Bastion  Concertainer  -  Removal 

*  '  "V 

r  1  1 

IBt"  - 

St-.  I  l'-1 


Construction  and  Removal  Summary 

Construction:  Removal: 

■  20.8  Man-hours  ■  13.4  Man-hours 

■  Equipments:  ■  Front-end  loader 

■  Front-end  loader 

■  Materials 

Concertainers 
Sand,  5  Sandbags 
Insulating  Foam 

■  Comments 

6-man  crew  took 
3  hr  28  min 


Repair  Summary 

■  Repair  1 :  1.6  Man¬ 
hours 

Added  membrane  over 
surface 

Repair  2:  0.2  Man¬ 
hours 

Placed  sandbags 
along  toe 

Repair  3:  N/A 


Geocell  RDFW  -  Construction 


Geocell  RDFW  -  Construction 


Geocell  RDFW  -  Construction 


r. 


Geocell  RDFW  -  Wave  Action 
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Geocell  RDFW  -  Wave  Damage 
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Geocell  RDFW  -  Log  Impact 


Geocell  RDFW  -  Damage 


Construction  Summary 

Construction:  ■  Removal: 


32.8  Man-hours 
Equipments: 

Front-end  loader 

Bobcat 

Forklift 

Materials 

RDFW  Units 

Sand 

Cement 

Comment 

6  man-crew,  took  5 
hr  28  min 


42  Man-hours 

■  Bobcat 

■  Forklift 

■  Shop  vacuums 


.  I 


Repair  Summary 

a  Repair  1 :  1.9  Man¬ 
hours 

Added  sand  along 
top  surface 

Repair  2:  0.7  Man- . 
hours 

Added  reinforcing 
strips 

Repair  3:  1.9  Man¬ 
hours 

Added  additional 
sand 


t 
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Portadam  -  Construction 


Portadam  -  Construction 


Construction  Summary 


Construction: 


Removal 


24.4  Man-hours 
Equipment: 

Hyster  Forklift 

Materials 

Portadam  frames  and 
cover 

Sand  bags  and  sand 
Insulating  foam 
Tape,  Rope 

Comments 

6-man  crew,  2  only  filled 
sandbags 


4.4  Man-hours 
Equipment: 

■  Hyster  Forklift 
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Repair  Summary 


Repair  1 :  0.5 
Man-hours 

Placed  sandbags 
over  bubbles 
under  skirt 

Repair  2:  1.5 
Man-hours 

Improved  seal 
along  wall 

Repair  3:  N/A 
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Sandbags 


Hesco- 

Bastion 


RDFW 


Portadam 


□  Construction  ■  Removal 


□  Repair  1  ■  Repair  2  □  Repair  3 


Sandbags  Hesco-  RDFW  Portadam 

Bastion 

□  2  in  □  7  in  □  1 1  in 


Sandbags  Hesco-  RDFW  Portadam 

Bastion 

□  2  in  ■  7  in  □  1 1  in 


Damage  Summary 


Sandbags 

Repeatedly  damaged  by  waves 
Failed  during  overtopping 


Hesco-Bastion  Concertainer 
Some  sand  settling  and  washout  (minor) 
Wire  bent  by  log  impact 


Damage  Summary  (concluded) 


■  Geocell  Systems  RDFW 

Minor  sand  settling 

Significant  washout  along  edges  and  toe 
Toe  damaged  during  large  waves  or  overtopping 
1 0%  of  structure  broken 


■  Portadam 

Fabric  torn  during  impact  tests 


Reusability 

■  Sandbags 

Possible,  but  not  practical 
Entire  structure  discarded 

■  Hesco-Bastion  Concertainers 

Reusable 

May  be  difficult  to  clean  muck  from  fabric 
End  pieces  must  be  replaced 


Reusability  (concluded) 

■  Geocells  Systems  RDFW 

■  Reusable 

Structure  can  be  hosed  off 

Replace  broken  pieces  -  time  consuming 

■  Portadam 

Reusable 
Hose  off  fabric 

Designed  for  rental  use  -  reused  many  times 

■  Disassembly  times  did  not  include  times  to 
prepare  for  reuse 


Test  Summary 


Observed  Product  Strengths  and  Weaknesses 

Product 

Strengths 

Weaknesses 

Sandbags 

1  Low  Cost  -  generally  constructed  by 

1  Very  labor  intensive  and  time 

volunteer  labor 

consuming  to  construct 

2  Conforms  well  to  varying  terrain 

2  Not  reusable 

3.  Low  seepage  rates 

4  Can  be  raised  if  needed 

Hesco  Bastion 

1.  Low  Cost 

1  Significant  ROW  required  due 

2  High  degree  of  reusability 

to  granular  fill 

3.  Can  be  raised  if  needed 

2.  Highest  Seepage  Rates 

RDFW 

1 .  Low  seepage  rates 

1  Significant  ROW  required  due 

2  High  degree  of  reusability 

to  granular  fill 

3.  Can  be  raised  if  needed 

3.  High  cost 

3.  Most  difficult  to  remove 

Portadam 

1.  Ease  of  Construction  (time,  manpower. 

1.  Punctured  during  laboratory 

equipment) 

debris  impact  test 

2  Low  seepage  rates 

2.  Can  t  be  raised  in  a  typical 

3.  No  required  fill 

application 

4.  High  degree  of  reusability 

5.  Least  ROW  required 

Questions? 
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Quantitatively  Engineered  Grout  Curtains 


ORIGINAL  GROUND 

TEST  TRENCH  GRADE 
FINISHED  GRADE 


MUDSTON 
5|-07  m/s  (4  Lugeon: 


David  B.  Wilson,  P.E. 
Trent  L.  Dreese,  P.E. 


Grouting  -  It  Seems  So  Simple  ! 


Interesting  Grouting  Comments 

•  “The  foundation  wasn’t  groutable” 

•  “Grouting  isn’t  reliable  as  a  long-term  solution” 

•  “There’s  no  way  to  know  how  the  grouting  will  perform  until 
we  fill  it  up.  ” 

•  “The  only  person  that  can  understand  the  grouting  work  is 
the  guy  onsite  that’s  in  charge  of  the  program” 

•  “We  spent  $2,000,000  and  didn’t  accomplish  anything.  I 
don’t  think  we’ll  ever  be  authorized  to  try  grouting  again.  ” 

•  “We  grouted  until  we  ran  out  of  budget  and  then  we  quit.  ” 


Grouting  Program  Failures 


Inability  to  reliably  predict  performance  in  advance 

Unsatisfactory  initial  performance 

Unsatisfactory  long-term  performance 

Cost  overruns,  project  delays,  &  claims 

Inability  to  effectively  communicate  need  for  grouting, 
amount  of  grouting  required,  and  results  of  grouting 


The  Central  Question 


Is  There  Something  Fundamentally  Wrong  with 
Grouting,  or  Does  the  Grouting  Precisely  Reflect 
How  We  Approach  &  Execute  the  Work  ? 


Grouting  2005 

Grouting  results  can  be  predicted 

Grouting  can  be  designed,  modeled,  specified,  and 
verifiably  constructed  to  achieve  quantitative  results 

Grouting  results  can  be  clearly  understood  and 
communicated 


Contracting  alternatives  exist  that  will  provide 
incentives  for  quality  equipment  and  workmanship 
and  which  will  prevent  cost  growth  and  claims 

Grouting  is  a  reliable  &  cost  effective  method  for 
seepage  control 


Tools  Enabling  Successful  Quantitative 

Design  and  Construction 

•  Quantitative  site  characterization,  quantitative 
modeling,  and  quantitative  design  of  grouting 

•  Balanced  stable  grouts 

•  Electronic  monitoring  and  control  of  operations 

•  Computer  analysis  &  presentation  of  results 

•  Best  Value  Contracting  and  Partnering 


Quantitative  Design  & 
Construction  of  Grouting 


What  Do  We  Need  for  Quantitative 
Design  &  Construction  ? 

•  Thorough  understanding  of  site  geology 

•  Pre-grouting  permeabilities 

•  Workable  model  for  pre-  and  post-grouting  conditions 

•  Performance  requirements 

•  Design  parameters  for  grouting  (width  &  permeability) 

•  Real-Time  Analysis  &  Verification  to  Evaluate  Results  and 
Provide  Basis  for  Required  Program  Modifications  in  Field 

•  Ability  to  Communicate  Results  to  All  Project  Participants 


Site  Geology  Information  Required 

Regional  &  Site  Specific  Geologic  Information 

Fracture  Information  for  each  geologic  unit  or  sub-unit 

-  Fracture  orientations 

-  Fracture  widths 

-  Fracture  spacings 

-  Fracture  continuity 

-  Fracture  filling 

Special  Conditions 

-  Conditions  at  interface  at  which  grouting  is  to  start 

-  Special  geologic  conditions  (i.e.  karst  features;  non-lithified  zones; 
concentrated  fracture  zones;  water  loss  zones;  artesian  zones;  etc) 


Geologic  Data  Collection 


Geophysical  Techniques 


McCook  Reservoir  Test  Grouting 


Chicago  District  US  ACE 


Video  Logging  & 


Pre-Grouting  Permeabilities 

& 

Flow  Regimes 


Permeability  &  Flow  Regime  Data  Sources 


Geologic  Information 
Piezometer  Data 

Boundary  Conditions  (HW,  TW,  Seepage  Exit 
Points) 

Short  Stage  Pressure  Tests  in  Holes  with 
Appropriate  Orientations 


Data  Validation  &  Integration 


Validate  the  available  data 

All  valid  data  must  be  integrated 

Study  it  until  it  truly  makes  qualitative  and 
quantitative  sense.  In  most  cases,  sufficient  valid 
data  exists  to  do  a  model  that  and  produces  a 
reasonable  representation  of  current  conditions. 


Don ’t  ignore  anomolies.  Something  is  going  on. 


ORIGINAL  GROUND 


TEST  TRENCH  GRADE 


FINISHED  GRADE 


MUDSTONE 
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BOTTOM  OF  GROUT  CURTAIN 


Grouting  Models 


Discrete  Fracture  Flow  Models 

vs. 

Porous  Media  Flow  Models 


Flow  through  Rock  is  Discrete 

Fracture  Flow 


Discrete  Fracture  Models 


Based  on  flow  through  parallel  plates 
Q  =  Wgb3!  /  12m 

-  b  =  fracture  width 

-  W  =  fracture  access  length 

-  i  =  gradient  from  entry  to  exit  boundary  points 

-  g  =  unit  weight  of  water 

-  m  =  dynamic  visosity  of  water 


So  Why  Not  Use  Discrete  Fracture  Models  ? 

•  Fractures  aren ’t  parallel  plates 

•  Fracture  width  “b”  is  extremely  difficult  to  ascertain. 

•  Generally  don’t  know  fracture  continuity,  which  is 
essential  for  “W”  term 

•  Requires  knowing  number  fractures  in  each 
fracture  set  as  well  as  size  distribution 


Porous  Media  Flow  Models 


Why  Porous  Media  Models  Work 

Scale  of  problem  is  generally  ok  (i.e.  fracture  density 
relative  to  volume  being  modeled  is  such  that  it 
approximates  a  porous  media). 

Data  easy  to  get  -  packer  tests  determine  equivalent  rock 
mass  permeability 

For  well-grouted  rock,  the  residual  permeability  is 
comprised  of  very  small  flow  paths  that  very  closely 
approximates  a  porous  media 

After  grouting,  assuming  we  achieve  about  a  two-order 
magnitude  of  permeability  reduction,  the  ungrouted  rock  on 
either  side  does  not  control  behavior. 


Examples  of  Porous  Media 

Models 


Elevation  (ft)  (x  1 0OO) 


PENN  FOREST  DAM  REPLACEMENT  PROJECT 
FINAL  GROUT  CURTAIN  -  VALLEY  SECTION 


Sophisticated  3D  Flow  Model 

No  Containment  System  i  _Lu  Grout  Curtain 


(J) 


(K) 


(E)  0 


(W)  i 


(BFA) 


Scales  (S) 


Chicago  McCook  Reservoir 
Chicago  District,  USACE 


qx=  k* H/W  *T 

QT  =  -L(q*L) 
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Things  to  Remember 

The  sophistication  of  the  model  is  far  less 
important  than  the  quality  of  the  data  and  the 
fundamental  correctness  of  the  model 


Defective  grouting  (i.e.  missed  fractures)  may  leak 
very  badly  due  to  discrete  fracture  flow  rules  and  is 
further  aggravated  by  increased  gradients. 
Essential  to  directly  access  all  fractures  at 
appropriate  interval  while  grouting. 

Poor  grouting  (i.e.  partially  unfilled  fractures)  will 
leak  proportionally  to  the  residual  fracture 
thickness  cubed.  Essential  to  go  to  very  tight 
refusal  criteria  and  use  non-bleed  grouts. 


Establishing  Project 
Performance  Requirements 


Methods  for  Setting  Performance  Requirements 

•  Permissible  total  seepage  rates  or  unit  seepage  rates 

•  Desired  pressure  distributions 

•  Gradient  limitations 

•  Residual  fracture  widths 

•  Cost-benefit  analyses 

•  Compatibility  with  other  elements  in  combined  cutoff 
systems 

•  Environmental  considerations 


Examples  of  Project 
Performance  Requirements 


Hunting  Run  Dam 
Pump  Storage  Drought  Supply 

Incremental  Cost  Benefit  Analysis  -  Grouting  Cost  vs.  Water  Value 

5  Lu  Criteria  Selected 
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Table  6.3 

Benefit  of  Seepage  Reduction  vs.  Cost  of  Grouting  -  $25  Million  Project 
Cost  of  Seepage  per  MGD  =  $3,125,000 


Curtain  Configuration 
and  Performance 
Characteristics 

Estimated 

Seepage 

Quantity 

(MGD) 

Total  Value 
of  Residual 
Seepage 

Cost  Benefit 
Achieved  by 
Alternative 

Construction 
Cost  for 
Alternative 

Benefit 

Cost 

Ratio 

Increme  tital 
Benefits  for 
Increased 
Intensity 

Incremental 
Costs  for 
Increased 
Intensity 

Ungrouted  w/  Drains 

1.27 

$3,969,000 

1-Line  Curtain  (5  Lu) 

0.46 

$1,438,000 

$2,531,000 

$1,335,000 

1.90 

$2,531,000 

$1,335,000  | 

3-Line  Curtain  (3  Lu) 

0.23 

$719,000 

$3,250,000 

$2,410,000 

1.35 

$719,000 

$1,075,000  | 

3 -Line  Curtain  (1  Lu) 

0.08 

$250,000 

$3,769,000 

$2,870,000 

1.31 

$519,000 

$460,000  | 

Table  6.4 

Benefit  of  Seepage  Reduction  vs  Cost  of  Grouting  -  $30  Million  Project 
Cost  of  Seepage  per  MGD  =  $3,750,000 


Curtain  Configuration 
and  Performance 
Characteristics 

Estimated 

Seepage 

Quantity 

(MGD) 

Total  Value 
of  Residual 
Seepage 

Cost  Benefit 
Achieved  by 
Alternative 

Construction 
Cost  for 
Alternative 

Benefit 

Cost 

Ratio 

Increme  tital 
Benefits  for 
Increased 
Intensity 

Incremental 
Costs  for 
Increased 
Intensity 

Ungrouted  w/  Drains 

1.27 

$4,763,000 

1-Line  Curtain  (5  Lu) 

0.46 

$1,725,000 

$3,038,000 

$1,335,000 

2.28 

$3,038,000 

$1,335,000  | 

3 -Line  Curtain  (3  Lu) 

0.23 

$862,500 

$3,900,500 

$2,410,000 

1.62 

$862,530 

$1,075,000  | 

3-Line  Curtain  (1  Lu) 

0.08 

$300,000 

$4,463,000 

$2,870,000 

1.56 

$562,530 

$460,000  | 

Mississinewa  Dam 
Slurry  Wall  Pre-Grouting 


Prevent  catastrophic 
loss  of  slurry  during 
panel  excavation 

Minimum  grouting 
necessary 

Entire  12-ft  width 
grouted  to  10  Lu  to  limit 
routine  slurry  loss  to 
manageable  rates 


Chicago  McCook  CSO  Storage  Reservoir  Perimeter  Grouting 


0 


(W) 

(BFA) 


Grout  as  tightly  as 
possible  for 
environmental 
containment 

Hydraulic  flux 
compatibility  with 
soil-bentonite 
cutoff  in 
overburden 

0.1  Lugeon  Goal 


Scales  (S) 


Grouting  Design  Parameters 


Parameters  Required  for 
Grouting  Design 


Width  of  grouted  zone  for  single  and  multiple  line 
configurations 

-  Radius  of  spread  varies  with  fracture  size,  pressure,  duration,  mix 

-  Reasonable  to  assume  5  ft  effective  radius  of  spread 

Realistically  achievable  residual  permeability  for  single  and 
multiple  line  configurations 


“This  is  where  it  gets  a  bit  dicey" 


Generally  Available  Design  Guidelines 

•  Readily  groutable  materials 

-  k>  1  x  10-3  cm/sec  (>  100  Lugeons) 

-  Reductions  of  1  -3  orders  of  magnitude 
(depending  on  a  number  of  factors) 

•  Marginally  groutable  materials 

-  k  =  1  x  10-4  cm/sec  (10  Lugeons) 

-  Reductions  of  1  -2  orders  of  magnitude 
(depending  on  a  number  of  factors) 

•  Barely  groutable  materials 

-  k  <  1  x  10-5  cm/sec  (1  Lugeon) 

-  Require  special  measures 


Given  the  potential  range  of 
residual  permeabilities,  is 
expected  Q=  10  gpm  or  100  gpm 
or  1,000  gpm  or  10,000  gpm,  and 
what  are  the  “factors  ”  that 
determine  the  results  we  should 

reasonably  expect? 


Factors  Affecting  Grouting 


Geology 

Drilling  technique 

Grout  Materials 

Grout  Mixes 

Mixing  Equipment 

Hole  Washing 

Grout  Pumping 
Equipment 

System  Setup 

Valves  and  fittings 

Bleed 

Grouting  technique 


Hole  spacing 
Hole  depth 
Hole  sequencing 
Hole  staging 
Pressures 

Contractor  experience 

Refusal  criteria 

Contract  incentives  & 
disincentives 

Inspection  &  control 

Testing  &  analysis 


Realities  of  Grouting 


Grouting  results  are  absolutely  affected 
by  all  of  the  factors 

Some  variables  have  been  essentially 
eliminated  in  current  industry  practice 

Remaining  variables  can  be  grouped 
into  various  design  /  construction 
performance  levels 


QEGC  Predicted  Results  vs.  Project  Results 


Real-Time  Analysis  &  Verification 
and  Communication  of  Results 


Contracting 

Issues 


Contracting  for  Performance 


•  Must  structure  and  prepare  contract  documents  to  ensure  that  you  get  the 
end  products  and  services  desired 


•  Quality  of  equipment  and  personnel  is  critical 


•  Contracts  must  not  contain  disincentives  to  achieving  quality  results 


•  Low  bid  contracting  doesn’t  work  -  operating  at  this  level  is  not  a 
commodity 


Best  Value  Selection  is  being  used  by  US  ACE  and  is  best  option 
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Limitations  in  the  Back 
Analysis  of  Shear 
Strength  from  Failures 


NICHOLSON 


50  YEARS 

Rick  Deschamps, 
and  Greg  Yankey 


Presentation  Overview 


Background 

Examples  from  Case 
Histories 

-  Grandview  Lake  Dam 

-  Marmet  Lock  and  Dam 

-  Kentucky  River  Lock 
and  Dam  No.  10 


Summary 


Back-Analysis 

Find  Strength  assuming  SF  =  1.0 


Back-Analysis  of  Strength 


•  Commonly  Used  by  Profession 

•  Often  Believed  to  Provide  Best  Estimate 
of  Strength 

•  Can  Lead  to  Significant  Errors!! 


Presentation  Goals 


Illustrate  Limitations  of  Back-Analysis 

Show  that  Conservative  Design  Assumptions 
are  Unconservative  in  Back-Analysis 


Simple  Example 


q  _  Resisting  Forces 
Driving  Forces 


Sic  +  (q-u)  tan  6)  al 


St 


mobilized 


AL 


Resisting  Forces  =  Driving  Forces 
X{C  +  (ct-U)  tan  <J)}  AL  =  2  x  mobj|jzecj  AL 


{(a-i-uA  tan  <J>-(}AL1+  { (a2-u2)  tan  <|>2}AL2=  xtAL  +x 


Factors  Influencing  Interpretation 


•  Strength  of  Various  Materials 

•  Slip  Surface  Location 

•  Pore  Pressure  Distribution 

•  Three  Dimensional  Effects 

•  Progressive  or  Retrogressive  Failure 

•  Strength  in  Terms  of  <|>  and/or  c 


Grandview  Lake  Dam 


30  ft.  50  ft. 


Compacted  Glacial  Till  and 
Weathered  Claystone 

Claystone  Bedrock 


Grandview  Lake  Dam 


Cumulative  Deflection  (inches) 


Failure  in  Seam  in  Bedrock 

•  What  strength  parameters  are  applicable? 

•  How  can  they  be  determined? 


Shear  Stress  (psf) 


0 


1000  2000  3000  4000  5000 

Effective  Confining  Stress  (psf) 


6000 


Back-calculated  strength. 

Embankment 

Strength 

Back  Calculated 

Friction  Angle 

Lower  Bound 

23 

Upper  Bound 
(High  Friction) 

16 

Upper  Bound 
(High  Cohesion) 

11 

Average 

18 

Non-Shrink 
Grout 


Critical  Section  -  Design 


Critical  Section  -  Actual 


Oft.  30  fBO  ft. 


100  ft. 


Louisville  District 


Importance  of  Accurate  Model 


Sediment 


<■ 


32  ft. 


34  ft. 

Interbedded  Limestone 
and  Shale 


Idealized  Model 


4>  =  43°  for  SF  =  1.0 


Idealized  Model 


3-D  Effects 


3-D  Effects  (cont.) 


•  3D  effects  in  soil  slopes  add  «  5  to  25  %  to 
stability. 

•  This  leads  to  overestimation  of  soil  strength, 
if  not  accounted  for  somehow. 


Summary 

•  Back-Analysis  is  a  Useful 
Tool  Only  When  Assumptions 
and  Models  are  Accurate 


Recommendations 


Narrowly  Bound  Input  Parameters 
Account  for  Model  Limitations 
Assess  Upper  and  Lower  Bound 
Judge  Usefulness  of  Results 


Remember 


•  Conservative  Design  Assumptions  are 
Unconservative  if  used  in  Back-Analysis 

•  Inherently  Conservative  Models  are 
Unconservative  if  used  in  Back-Analysis 


"I  am  inclined  to  compare  the 
functions  of  theory  with  those  of 
a  walking  stick  in  rugged 
country.  It  reduces  the  risk  of 
stumbling,  but  the  walking  has 
to  be  done  with  the  legs.” 

Karl  Terzaghi 


•  Rick  Deschamps 

•  Thursday  1:30  pm  -  Geotechnical  Track  6c 

•  412-221-4500x202  (Office) 

•  412-215-0892  (cell) 

•  Nicholson  Construction  Company 

•  rdeschamps@nicholsonconstruction.com 


